PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 05-1 83380 

(43)Date of publication of application : 23.07.1993 



(51)lnt.CI. 


H03H 9/64 




(21)Application number 


04-032270 (71 Applicant 


: FUJITSU LTD 


(22)Date of filing: 


19.02.1992 (72)lnventor : 


SATO YOSHIO 






IGATA OSAMU 






MIYASHITA TSUTOMU 






MATSUDATAKASHI 






TAKAMATSU MITSUO 



(30)Priority 

Priority number : 03281694 Priority date : 28.10.1991 Priority country : JP 



(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PURPOSE: To provide the surface acoustic wave filter with the wider pass band 
and with the higher suppression by adding the inductance in series to a first 
surface acoustic wave resonator. 

CONSTITUTION: A first one terminal surface acoustic wave resonator 21 with 
the prescribed resonance frequency frp is arranged on a parallel arm 22. A 
second one terminal elastic surface wave resonator 23 with resonance frequency 
fas nearly coincident with the inverse resonance frequency frp of the first 



resonator 21 is arranged to a serial arm 24. The inductance 25 is serially added 
to the first resonator 21 and arranged to the parallel arm 22. Further, the 
inductance 25 is added to the first surface acoustic wave resonator 21 and the 
opening length of the first surface acoustic wave resonator 21 is set longer than 
that of the second surface acoustic wave resonator 23. Thus, the out-pass band 
suppression can be improved and the pass-band width can be widened. 
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[Claim(s)] 

[Claim 1] The 1st 1 terminal-pair surface acoustic wave resonator (21) which has 
predetermined resonance frequency (frp) on a juxtaposition arm (22) 
Antiresonant frequency of this 1st resonator (fap) Resonance frequency which 
carries out abbreviation coincidence (frp) In the surface acoustic wave filter of the 
ladder mold which comes to allot the 2nd 1 terminal-pair surface acoustic wave 
resonator (23) which it has to a serial arm (24) this - the surface acoustic wave 
filter characterized by considering as the configuration which added the 
inductance (25) at the serial at the 1st surface acoustic wave resonator (21). 



CLAIMS 



[Claim 2] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to connect with a serial arm 
the 2nd 1 terminal-pair surface acoustic wave resonator which has the resonance 
frequency which carries out abbreviation coincidence in the antiresonant 
frequency of this 1st resonator this - the 1st surface acoustic wave resonator 
(R1 A) - a serial - an inductance (L1) - adding » and - this - the opening 
length (AP) of the 1st surface acoustic wave resonator -- this - the surface 
acoustic wave filter characterized by considering as the configuration defined for 
a long time than the opening length (AS) of the 2nd surface acoustic wave 
resonator. 

[Claim 3] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to connect with a serial arm 
the 2nd 1 terminal-pair surface acoustic wave resonator which has the resonance 
frequency which carries out abbreviation coincidence in the antiresonant 
frequency of this 1st resonator An inductance (L1) is added to the 1st surface 
acoustic wave resonator (R1 B) at a serial, this - and - this -- the logarithm (NP) 
of the 1st surface acoustic wave resonator (R1 B) - this - the surface acoustic 
wave filter characterized by considering as the defined configuration. 
[Claim 4] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to allot the 2nd 1 terminal- 
pair surface acoustic wave resonator which has the resonance frequency which 
carries out abbreviation coincidence in the antiresonant frequency of this 1st 
resonator to a serial The surface acoustic wave filter which connects and 
arranges the 2nd 1 terminal-pair surface acoustic wave resonator (R2 and R2) on 
two or more serials at the above-mentioned serial arm (61), and is characterized 
by considering as the configuration which comes to add an inductance (LS) at 
this at a serial. 



r 



[Claim 5] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to allot the 2nd 1 terminal- 
pair surface acoustic wave resonator which has the resonance frequency which 
carries out abbreviation coincidence in the antiresonant frequency of this 1st 
resonator to a serial arm the above-mentioned juxtaposition arm (62, 63, 64) - 
two or more - preparing - each juxtaposition arm - this -- the surface acoustic 
wave filter characterized by considering as the configuration which added the 
inductance (L1, L2, and L3) from which an inductance value differs in the 1st 
surface acoustic wave resonator at a serial. 

[Claim 6] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to allot the 2nd 1 terminal- 
pair surface acoustic wave resonator which has the resonance frequency which 
carries out abbreviation coincidence in the antiresonant frequency of this 1st 
resonator to a serial arm An inductance (L1) is added to the 1st surface acoustic 
wave resonator (R1 B) at a serial, this - The 1st surface acoustic wave resonator 
is consisted of a central excitation electrode (131) and a reflector (132,133) of 
these both sides, and - this - The surface acoustic wave filter characterized by 
considering as the configuration which arranged this reflector on the location 
where beta becomes parenchyma top 0.4 when setting the pitch of this and this 
excitation electrode to d=(n+beta) -lambda (period of the Kushigata electrode 
here corresponding to [ n ] resonance frequency in lambda corresponding to the 
one or less real number in an integer and beta). 

[Claim 7] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to allot the 2nd 1 terminal- 
pair surface acoustic wave resonator which has the resonance frequency which 
carries out abbreviation coincidence in the antiresonant frequency of this 1st 
resonator to a serial arm Connect with two or more serials, and arrange the 2nd 



1 terminal-pair surface acoustic wave resonator (R2 and R2) on the above- 
mentioned serial arm (61), and an inductance (L1) is added to a serial at this. 
And the surface acoustic wave resonator of the above 1st is consisted of a 
central excitation electrode (131) and a reflector (132,133) of these both sides. 
The surface acoustic wave filter characterized by considering as the 
configuration which arranged this reflector on the location where beta becomes 
parenchyma top 0.4 when setting the pitch of this and this excitation electrode to 
d=(n+beta) -lambda (period of the Kushigata electrode here corresponding to 
[ n ] resonance frequency in lambda corresponding to the one or less real 
number in an integer and beta). 

[Claim 8] The surface acoustic wave filter characterized by considering the 
excitation electrode and reflector which constitute claim 6 or the 1st surface 
acoustic wave resonator of 7 as the configuration whose ingredient is the product 
made from aluminum alloy which mixed the dissimilar metal several% by the 
product made from aluminum, or the weight ratio, and whose thickness is 0.06 to 
0.09 times the electrode period. 

[Claim 9] The surface acoustic wave filter characterized by considering the 
excitation electrode and reflector which constitute claim 6 or the 1st surface 
acoustic wave resonator of 7 as the configuration whose ingredient is a product 
made from Au, and whose thickness is 0.0086 to 0.013 times the electrode 
period. 

[Claim 10] They are the description and a ************ filter about having 
constituted the inductance of claim 1 by the bonding wire (86-3). 
[Claim 11] The surface acoustic wave filter characterized by constituting by the 
microstrip line (220) extended and formed from the terminal (84-3) on the 
ceramic package (81) which holds the filter chip (82) with which the 1st and 2nd 
resonators were formed in the inductance of claim 1 . 

[Claim 12] The surface acoustic wave filter characterized by constituting by the 
microstrip line (230) which extended and formed the inductance of claim 1 from 
the 1st resonator (R1) on the filter chip (82) with which the 1st and 2nd 



resonators were formed. 

[Claim 13] It becomes settled in resonance frequency (frp), and this 
predetermined resonance frequency (frp) and predetermined capacity factor 
(gamma). The 1st 1 terminal-pair elastic surface resonator which has 
antiresonant frequency (fap) higher than said resonance frequency is arranged 
on a juxtaposition arm. Predetermined resonance frequency (frs), In the surface 
acoustic wave filter of the ladder mold which becomes settled in this resonance 
frequency (frs) and capacity factor (gamma), arranges the 2nd 1 terminal-pair 
surface acoustic wave resonator which has antiresonant frequency (fas) higher 
than said resonance frequency on a serial arm, and it comes to prepare on a 
piezo-electric substrate Said 1st end bomblet nature surface wave resonator 
(Rp1 -Rp3) and said 2nd end bomblet nature surface wave resonator (Rs1 and 
Rs2) Higher than the antiresonant frequency (fap) of the 1st end bomblet nature 
surface wave resonator this - the resonance frequency (frs) of the 2nd end child 
elastic wave resonator - this - and - {- this - resonance frequency (frs) - of the 
1st end bomblet nature manifestation wave filter -- this -- the surface acoustic 
wave filter characterized by constituting so that antiresonant frequency 
(fap)}**deltaf of the 2nd end bomblet nature surface wave filter may be extent 
which can permit a ripple and an insertion loss. 

[Claim 14] The Kushigata electrode considers the 2nd end bomblet nature 
surface wave resonator as the configuration which has a predetermined period, 
this piezo-electric substrate top of claim 13 - this - This predetermined period 
the electrostatic capacity determined by the opening length and logarithm of the 
Kushigata electrode which forms said 2nd 1 terminal-pair surface acoustic wave 
resonator Cs, When setting same electrostatic capacity of said 1st 1 terminal-pair 
surface acoustic wave resonator to Cp and setting these Cp/Cs to P, it is this frs 
about the aforementioned deltaf. Standardized value deltaf/frs The value alpha 
which is larger than 0 and is decided by the degree type, [Equation 1] 

a=\/ ( VF CT 2 +r) /U.OB -7) 



The surface acoustic wave filter characterized by the more small thing. 
[Claim 15] this piezo-electric substrate of claim 14 - LiTa03 of 36 degreeY cut X 
propagation a crystal (241) - it is - and this -- the value alpha in which 
aforementioned value deltaf/frs becomes settled in a degree type more greatly 
than 0 about the period of the 2nd end bomblet nature surface wave resonator 
Kushigata electrode, and [Equation 2] 

a=6. 6 7X1 (TV (4. 2 2 /F- 1 ) 

The surface acoustic wave filter characterized by considering as the 
configuration it was determined that became smaller. 

[Claim 16] this piezo-electric substrate of claim 14 - LiNb03 of 64 degreeY cut X 
propagation a crystal - it is - and - this - the value alpha in which 
aforementioned value deltaf/frs becomes settled in a degree type more greatly 
than 0 about the period of the 2nd end bomblet nature surface wave resonator 
Kushigata electrode, and [Equation 3] 

a= 1. 4 7X1 (TV (4. 3 7 /F- 1) 

The surface acoustic wave filter characterized by considering as the 
configuration it was determined that became smaller. 

[Claim 17] this piezo-electric substrate of claim 14 - LiNb03 of 41 degreeY cut X 
propagation a crystal - it is - and -- this - the value alpha in which 
aforementioned value deltaf/frs becomes settled in a degree type more greatly 
than 0 about the period of the 2nd end bomblet nature surface wave resonator 
Kushigata electrode, and [Equation 4] 

a= 2. 2 7 3 X 1 0" 1 / (4. 5 2 JV- 1) 

The surface acoustic wave filter characterized by considering as the 
configuration it was determined that became smaller. 
[Claim 18] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm The 2nd 1 



terminal-pair surface acoustic wave resonator which carries out abbreviation 
coincidence or has resonance frequency (frs) higher than this in the antiresonant 
frequency (fap) of this 1st resonator is connected to a serial arm. In the surface 
acoustic wave filter of the ladder mold which comes to connect two or more 
resonators of these juxtaposition arm, and resonators of a serial arm with 
concatenation the outermost arm nearest to either an input side or an output side 
with a serial arm The surface acoustic wave filter with which the outermost arm 
nearest to the other side consists of juxtaposition arms, and the impedance of the 
series resonance machine of this maximum outside is characterized by 
considering as a configuration smaller ( drawing 52 ) than the impedance of a 
back serial arm resonator from it. 

[Claim 19] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm The 2nd 1 
terminal-pair surface acoustic wave resonator which carries out abbreviation 
coincidence or has resonance frequency (frs) higher than this in the antiresonant 
frequency (fap) of this 1st resonator is connected to a serial arm. In the surface 
acoustic wave filter of the ladder mold which comes to connect two or more 
resonators of these juxtaposition arm, and resonators of a serial arm with 
concatenation the outermost arm nearest to either an input side or an output side 
with a serial arm The surface acoustic wave filter with which the outermost arm 
nearest to the other side consists of juxtaposition arms, and admittance of the 
juxtaposition arm resonator of the above-mentioned maximum outside is 
characterized by considering as a configuration smaller ( drawing 52 ) than the 
admittance of a back juxtaposition arm resonator from it. 
[Claim 20] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm The 2nd 1 
terminal-pair surface acoustic wave resonator which carries out abbreviation 
coincidence or has resonance frequency (frs) higher than this in the antiresonant 
frequency (fap) of this 1st resonator is connected to a serial arm. In the surface 
acoustic wave filter of the ladder mold which comes to connect two or more 



resonators of these juxtaposition arm, and resonators of a serial arm with 
concatenation the outermost arm nearest to either an input side or an output side 
with a serial arm The outermost arm nearest to the other side consists of 
juxtaposition arms, and the impedance of the series resonance machine of this 
maximum outside is smaller than the impedance of a back serial arm resonator 
from it. And the surface acoustic wave filter with which admittance of the parallel 
resonance machine of the above-mentioned maximum outside is characterized 
by considering as a configuration smaller ( drawing 52 ) than the admittance of a 
back parallel resonance machine from it. 

[Claim 21] It is the surface acoustic wave filter characterized by considering a 
back serial arm resonator as the configuration which has the impedance which 
fills the relation whose former impedance is 1/2 of the latter impedance, 
respectively ( drawing 52 ) from the serial arm resonator of this maximum outside 
of claim 18 or the 20th term, and this. 

[Claim 22] It is the surface acoustic wave filter characterized by considering a 
back juxtaposition arm resonator as the configuration which has the admittance 
which fills the relation whose former admittance is 1/2 of the latter admittance, 
respectively ( drawing 52 ) from the juxtaposition arm resonator of this maximum 
outside of claim 19 or the 20th term, and this. 

[Claim 23] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm The 2nd 1 
terminal-pair surface acoustic wave resonator which carries out abbreviation 
coincidence or has resonance frequency (frs) higher than this in the antiresonant 
frequency (fap) of this 1st resonator is connected to a serial arm. In the surface 
acoustic wave filter of the ladder mold which comes to connect two or more 
resonators of these juxtaposition arm, and resonators of a serial arm with 
concatenation Both both the nearest maximum outside arm in view of an input 
side and the nearest maximum outside arm in view of an output side consist of 
juxtaposition arms. The surface acoustic wave filter characterized by considering 
as a configuration with the admittance of one [ at least ] juxtaposition arm 



resonator of the juxtaposition arm resonators of both ****** smaller ( drawing 63 ) 
than the admittance of the juxtaposition arm resonator inside it. 
[Claim 24] The surface acoustic wave filter characterized by considering as the 
configuration whose admittance of one [ at least ] juxtaposition arm resonator of 
the juxtaposition arm resonator of both ****** of claim 23 is the one half of the 
admittance of the juxtaposition arm resonator inside it ( drawing 63 ). 
[Claim 25] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm The 2nd 1 
terminal-pair surface acoustic wave resonator which carries out abbreviation 
coincidence or has bigger resonance frequency (frs) in the antiresonant 
frequency (fap) of this 1st resonator is connected to a serial arm. In the ladder 
mold surface acoustic wave filter which comes to connect two or more resonators 
of these juxtaposition arm, and resonators of a serial arm with concatenation 
Both both the nearest maximum outside arm in view of an input side and the 
nearest maximum outside in view of an output side consist of serial arms. The 
surface acoustic wave filter characterized by considering as a configuration with 
the impedance of one [ at least ] serial arm resonator smaller ( drawing 64 ) than 
the impedance of the serial arm resonator inside it among the serial arm 
resonators of both ******. 

[Claim 26] The surface acoustic wave filter characterized by considering as the 
configuration whose impedance of one [ at least ] serial arm resonator is the one 
half of the impedance of the serial arm resonator inside it among the serial arm 
resonators of both ****** of claim 25 ( drawing 64 ). 

[Claim 27] In claims 1 8, 20, 21 , and 25 or the surface acoustic wave filter of 26, 
in order to make the impedance of the serial arm resonator of the maximum 
outside smaller than the impedance of the serial arm resonator inside it The 
surface acoustic wave filter characterized by considering as the configuration 
( drawing 53 ) which defined more greatly than the electrostatic capacity of the 
serial arm resonator inside it decided similarly the electrostatic capacity mostly 
decided by the product of the opening length of the serial arm resonator of the 



maximum outside, a logarithm, and the dielectric constant of a substrate 
ingredient. 

[Claim 28] The surface acoustic wave filter characterized by considering what 
connected to the serial two or more resonators which have the same electrostatic 
capacity as the serial arm resonator of the maximum outside in claims 18, 20, 21, 
and 25 or the surface acoustic wave filter of 26 in order to make the impedance 
of the serial arm resonator of the maximum outside smaller than the impedance 
of the serial arm resonator inside it as the configuration arranged on the serial 
arm inside it. 

[Claim 29] In claims 19, 20, 22, and 23 or the surface acoustic wave filter of 24, 
in order to make admittance of the parallel resonance machine of the maximum 
outside smaller than the admittance of the juxtaposition arm resonator inside it 
The surface acoustic wave filter characterized by considering as drawing 5353 
The configuration which made smaller than the electrostatic capacity of the 
juxtaposition arm resonator inside it decided similarly electrostatic capacity 
mostly decided by the product of the opening length of the juxtaposition arm 
resonator of the maximum outside, a logarithm, and the dielectric constant of a 
substrate ingredient. 

[Claim 30] The ladder mold surface acoustic wave filter characterized by 
considering what connected to juxtaposition two or more resonators which have 
the same electrostatic capacity as the juxtaposition arm resonator of the 
maximum outside in claims 19, 20, 22, and 23 or the surface acoustic wave filter 
of 24 in order to make admittance of the parallel resonance machine of the 
maximum outside smaller than the admittance of the juxtaposition arm resonator 
inside it as the configuration ( drawing 63 ) arranged on the juxtaposition arm 
inside it. 

[Claim 31] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency (frp) on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which connected to the serial arm the 2nd 
1 terminal-pair surface acoustic wave resonator which carries out abbreviation 



coincidence or has bigger resonance frequency (frs) in the antiresonant 
frequency (fap) of this 1st resonator this - a part for the electric resistance of the 
Kushigata electrode which forms the 2nd 1 terminal-pair surface acoustic wave 
resonator (rs) - this - the surface acoustic wave filter characterized by 
considering as a configuration smaller than a part for the electric resistance of 
the tandem-type electrode which forms the 1st 1 terminal-pair surface acoustic 
wave resonator (rp). 

[Claim 32] claim 31 - this - a part for the electric resistance of the Kushigata 
electrode which forms the 2nd 1 terminal-pair surface acoustic wave resonator 
(rs) this - a part for the electric resistance of the tandem-type electrode which 
constitutes the 1st 1 terminal-pair surface acoustic wave resonator (rp) The 
means made small this - opening length (Is) of the Kushigata electrode which 
constitutes the 2nd end bomblet nature surface wave resonator this - opening 
length (Ip) of the Kushigata electrode which constitutes the 1st 1 terminal-pair 
surface acoustic wave resonator It shortens, and -- this - logarithm (Ns) of the 
Kushigata electrode which constitutes the 2nd 1 terminal-pair surface acoustic 
wave resonator this logarithm (Np) of the Kushigata electrode which 
constitutes the 1st 1 terminal-pair surface acoustic wave resonator Surface wave 
filter characterized by being the configuration ( drawing 66 ) made [ many ]. 
[Claim 33] claim 31 - this - a part for the electric resistance of the Kushigata 
electrode which forms the 2nd 1 terminal-pair surface acoustic wave resonator 
(rs) this - (rp) for electric resistance of the tandem-type electrode which 
constitutes the 1st 1 terminal-pair surface acoustic wave resonator The means 
made small this - the thickness of the Kushigata electrode made from a metal 
thin film which constitutes the 1st 1 terminal-pair surface acoustic wave resonator 
- this - the 2nd 1 terminal-pair surface acoustic wave resonator - the surface 
acoustic wave filter characterized by being the configuration made thinner than 
the thickness of the same metal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface acoustic wave filter of 
the ladder mold which is applied to a surface acoustic wave filter, especially can 
be applied to the filter of RF (radio-frequency head) of small mobile wireless 
devices, such as a land mobile radiotelephone and a cellular phone. 
[0002] The range of **8.5MHz of one example of the specification of a current 
domestic automobile and cellular phone is a transmitting band focusing on 
933.5MHz. When it is made fractional band width, it is about 2%. 
[0003] A surface acoustic wave filter needs to be the property that the above- 
mentioned specification is fulfilled, ** pass band width makes it fractional band 
width, and, specifically, it is needed 2% or more, large being a thing, that ** loss 
is as low as 1 .5-2dB or less, and that whenever [ ** oppression ] is as high as 
20dB - 30dB or more. 

[0004] In order to fill this demand, the resonator mold with which the surface 
acoustic wave filter constituted this in the ladder mold instead of the conventional 
transversal mold, using a surface acoustic element as a resonator is ******(ed). 
[0005] 

[Description of the Prior Art] Drawing 70 shows the equal circuit of the surface 



acoustic wave filter 1 indicated by JP,52-19044,A. 

[0006] This filter 1 is the configuration which has arranged the surface acoustic 
wave resonator 3 on the serial arm 2, and has arranged the surface acoustic 
wave resonator 5 on the juxtaposition arm 4, and made size equivalence 
juxtaposition capacity COB of the resonator 5 of the juxtaposition arm 4 from the 
equivalence juxtaposition capacity COA of the resonator 3 of the serial arm 2. 
[0007] This filter 1 has the property shown in drawing 71 by the line 6. 
[0008] 

[Problem(s) to be Solved by the Invention] In the above-mentioned filter 1, if 
equivalence juxtaposition capacity COB is made into size so that it may mention 
later, as an arrow head 7 shows, whenever [ oppression ] can be raised. 
However, if this capacity COB is increased, as pass band width becomes narrow 
as an arrow head 8 shows, and an arrow head 9 shows, loss will increase, and a 
property will become as [ show / a line 10 ]. 

[0009] If it is going to set whenever [ oppression ] to 20dB or more, pass band 
width will be made into fractional band width, and will become 1% or less, and it 
will become impossible to fulfill the specification of the above-mentioned 
automobile cellular phone. 

[0010] Then, this invention aims at offering the surface acoustic wave filter which 
made pass band width large, and made whenever [ oppression ] high, and made 
loss low. 
[0011] 

[Means for Solving the Problem] Drawing 1 shows the principle configuration of 
the surface acoustic wave filter 20 of this invention. 
[0012] 21 is the 1st end bomblet nature surface wave resonator, has the 
predetermined resonance frequency frp, and has allotted it to the juxtaposition 
arm 22. 

[0013] 23 is the 2nd end bomblet nature surface wave resonator, has the 
resonance frequency fas which carries out abbreviation coincidence in the 
antiresonant frequency frp of the 1st resonator 21 , and has allotted it to the serial 



arm 24. 

[0014] 25 is an inductance, is added to the 1st resonator 21 at the serial, and is 

allotted to the juxtaposition arm 22. 

[0015] 

[Function] Since the circuit which has a 1 terminal-pair surface acoustic wave 
resonator in a serial arm and a juxtaposition arm is required also for principle 
explanation of this patent about the above-mentioned principle to the start of a 
principle which has a filter shape, it states in detail here. 
[0016] In order to evaluate whether a resonance circuit shows a filter shape, it is 
easy to understand an approach with an image parameter. This approach is 
stated to "the theory of a filter and design" (SANPO PUBLICATIONS: the 
electronics selected books, 1974 issue) by Yanagisawa etc. in detail. 
[0017] A principle is expressed based on this below. 

[0018] The fundamental ladder mold circuit which shows a filter shape is shown 
in drawing 2 . In this drawing, the black boxes of a slash are the surface acoustic 
wave resonators 30 and 31. 

[0019] Now, for simplification of explanation, a surface acoustic wave resonator 
is assumed to be a reactive circuit without a resisted part, and admittance of the 
resonator 31 of Z=jx and a juxtaposition arm is made into Y=jb for the impedance 
of the resonator 30 of a serial arm. 

[0020] According to the image parameter method, they are V1, 11, and an output 
side about an input-side electrical potential difference and a current, respectively 
V2 and 12 It is [0021] when it carries out (refer to drawing 2 ). 
[Equation 5] 

exp (r) = W, • 1 i 7 V 2 -12) - ( 1) 



[0022] The amount gamma of image transmissions (complex) come out of and 
defined has important semantics. Namely, [0023] 
[Equation 6] 



t a n h (r) = t a n h (a+ j B) 



- (2) 



[0024] In a ** type, if the value expressed with this formula is an imaginary, the 
whole one terminal pair network pair-of-observations way of drawing 2 shows a 
passage property, and if it is the real number, a damping property is shown. Here, 
the notation of A, B, C, and D is the four terminal constants when expressing the 
whole circuit of drawing 2 with an F matrix, and when it expresses each with the 
above-mentioned x and b here, it is as follows. 
[0025] 

A=1 B=jxC=jbD=1-bx-- (3) 

Therefore, (2) types turn into a degree type. 

[0026] 

[Equation 7] 



[0027] (4) A formula shows that, as for the whole circuit of drawing 2 , x indicates 

a passage property to be 0<bx<1, i.e., b, at a same sign at the small time of a 

value, and a damping property is shown at the time of bx <0 or bx>1, i.e., when b 

and x are values with big opposite sign or bx product. 

[0028] In order to know b and the frequency characteristics of x qualitatively 

further here, the impedance of a surface acoustic wave resonator and the 

frequency characteristics of admittance are investigated. 

[0029] A 1 terminal-pair surface acoustic wave resonator consists of Kushigata 

electrodes 40 as shown in drawing 3 (A) (it indicates to P. 76 to P.98 of the Nikkei 

electronics magazine November 29, 1976 issue). 

[0030] 41 is an electrode pair, 42 is opening length (crossover width of face), and 
43 is the Kushigata electrode period. 

[0031] This Kushigata electrode's disregard of a resisted part expresses it in the 
equal circuit 45 as generally shown in drawing 3 (B). It is CO here. The 
electrostatic capacity of the Kushigata electrode, C1, and L1 It is an equivalence 



tanh (r) = Vbx/ (bx- 1) 



... ( 4) 



constant. 

[0032] It expresses with the notation 46 which shows this equal circuit 45 
hereafter to drawing 3 (C). 

[0033] Drawing 4 (A) and (B) show qualitatively the impedance when expressing 
the Kushigata electrode in an equal circuit like drawing 3 (b), and frequency 
dependent [ of admittance ], respectively. 

[0034] The property of this drawing turns into the double resonance characteristic 
which has two resonance frequency fr and fa like the resonator by Xtal. fr is 
called resonance frequency and fa is called antiresonant frequency here. If a 
resonator with such the double resonance characteristic is arranged on a serial 
arm and a juxtaposition arm, respectively and the resonance frequency frs of a 
serial arm is made to carry out abbreviation coincidence of the antiresonant 
frequency fap of a juxtaposition arm further, the circuit which shows the filter 
shape of the bandpass mold which makes it center frequency can be constituted. 
The reason is that 0<bx<1 is filled, become a pass band from the above- 
mentioned conditions near the center frequency which is fap**frs, and it becomes 
bx>1 from center frequency in the frequency domain from which a few was 
separated, becomes [ both ] bx<0 in the greatly distant field, and becomes a 
decay area as shown also in drawing of the frequency characteristics of the IMMI 
wardrobe of drawing 5 (A). 

[0035] Therefore, the surface acoustic wave filter 1 of a configuration of being 
shown in drawing 1 has qualitatively the filter shape shown in the drawing 5 (B) 
median line 47. 

[0036] [Pass-band-width determinant] Next, the bandwidth determinant in such a 
resonator mold surface acoustic wave filter is considered. 
[0037] The bandwidth is mainly determined with the difference of the resonance 
frequency fr and antiresonant frequency fa in each resonator so that drawing 5 
may also show. If this large difference can be taken, a bandwidth will serve as a 
broadband widely, and it will become a narrow-band if small, fr and fa can be 
determined from a degree type here using the equivalent circuit constant of 



drawing 3 (B). 
[0038] 
[Equation 8] 

f r = l/2 • n V (C, XL, ) 
f a = f r • V C 1 + 1/r) 
r =C 0 /C, :£SJt 



- (6) 



- (5) 



(7) 



[0039] Since fractional band width (deltaf/fO) is mainly decided from the 
difference of fr and fa, it is expressed like a degree type using (6) and (7) types. 
[0040] 

deltaf/fO =2 (fa-fr)/(fa+fr) 
**2/(4gamma+1)~ (8) 

It becomes the important factor to which gamma (capacity factor) decides 
fractional band width to be clear from an upper type. However, this value will be 
mostly decided by the class of substrate ingredient which forms the Kushigata 
electrode as indicated by JP,52-19044,A. For example, with ST cut Xtal with the 
small electromechanical coupling coefficient of an ingredient, gamma is the 36- 
degreeYcut-x propagation LiTa03 with a big electromechanical coupling 
coefficient to becoming 1300 or more, gamma becomes the value of the 15th 
place. Fractional band width is 0.04% and the 36-degreeYcut-X propagation 
LiTa03 with ST cut Xtal from (8) types. It becomes 3.3% then. Therefore, if a 
substrate ingredient is decided, bandwidth will be determined mostly. 
[0041] And if equivalence juxtaposition capacity COB is made into size as 
indicated by JP,52-19044,A in order to raise whenever [ out of band oppression ], 
bandwidth will become narrow rapidly. 

[0042] This is explained in detail using drawing 6 . fr and fa of a parallel 
resonance machine have been fixed so that clearly also from the above- 
mentioned principle explanation. Although the magnitude of attenuation will 
increase and a property will become good since bx product increases by 
negative if out of band as shown in drawing 6 (A) if the admittance value is 
enlarged (the opening length or logarithm of the Kushigata electrode is increased 



fixing gamma for increasing an admittance value, and electrostatic capacity CO is 
enlarged) Since bx product increases by forward near the center frequency, the 
field of bx>1 spreads, the pass band which becomes 0<bx<1 as a result narrows, 
and it becomes impossible to take a band enough. This situation is expressed 
with the arrow head in drawing 6 R> 6 (B). 

[0043] [an improvement of pass band width] - as one means to solve the above 
point - the resonator of ** serial arm - or the difference of fr and fa of one [ the 
resonator of a juxtaposition arm, which, or / at least ] resonator - extending -- 
and ** - it is required to fulfill two conditions of enlarging the impedance value or 
an admittance value. The reason for enlarging an impedance value and an 
admittance value is for enlarging the magnitude of attenuation out of band. The 
magnitude of attenuation out of band can be improved without narrowing 
extending a passband, if this is realizable. 

[0044] First, as an approach of extending fr of the resonator which are the 
conditions of**, and the difference of fa, the approach of adding an inductance L 
at a serial is effective in a 1 terminal-pair surface acoustic wave resonator. The 
impedance when connecting 8nH(s) as L at a serial and frequency change of 
admittance are shown in a 1 terminal-pair surface acoustic wave resonator at 
drawing 7 (A) and (B). Each constant of the equal circuit of the surface acoustic 
wave resonator used for count is shown in this drawing. 
[0045] A line 50 shows the impedance characteristic before adding L among 
drawing 7 (A). A line 51 shows the impedance characteristic after adding L. 
[0046] Drawing 7 (B) and a line 52 show the admittance property before adding L. 
A line 53 shows the admittance property after adding L. 
[0047] From drawing 7 (A), by adding L shows that spacing of fr and fa has 
spread. In this case, it expanded by about 30MHz. When L joins a serial, as a 
result of the impedance of only the original resonator being able to pull up to + 
side only for omega L minutes, this reason is because fr changed to fr', so that 
clearly from the frequency characteristics of the impedance of this drawing (A). At 
this time, fa hardly moves. Since the admittance which is the inverse number of 



an impedance is also the same, it changes, as shown in this drawing (A). It turns 
out clearly that fr is changing to fr* also in this case. 

[0048] Next, although it is the conditions of **, the admittance value is large by 
adding L so that clearly also from drawing 7 (B). However, if an impedance value 
is out of band as shown in drawing 7 (A), it is small conversely. Therefore, in 
applying this approach to the resonance circuit of a serial arm, the approach of 
enlarging needs an impedance value further. It is solvable by connecting two or 
more same surface acoustic wave resonators to a serial at it. 
[0049] A line 55 shows the impedance characteristic of one resonator among 
drawing 8 . A line 56 shows the impedance characteristic of the resonance part 
at the time of connecting n resonators to a serial. 

[0050] As shown in drawing 8 , the impedance value of the resonator section 
increases n times by connecting n resonators. On the other hand, about the 
difference of fa and fr, although the flare of the resonance frequency when 
connecting L becomes a little narrower than fr" and fr 1 in the case of one 
resonator, the large difference of fa and fr can be taken rather than the time of 
not connecting L. If required, the difference of fa and fr will become still larger by 
increasing the value of L. 

[0051] as 2nd means to expand pass band width, it is shown in drawing 44 - as - 
- antiresonant frequency fap of a juxtaposition arm resonator Serial arm 
resonance frequency frs abbreviation coincidence is carried out - not making - 
frs >fap ** - how to carry out can be considered. 

[0052] However, frs >fap When it carries out, as shown also in drawing 44 , it is 
set to bx<0 near the center frequency, and there is risk of stopping fulfilling the 
above-mentioned pass band conditions, and loss and a ripple increasing. 
[0053] However, it is possible to prevent the increment in a ripple in the 
increment in loss and a list, and to realize expansion of a passband on 
parenchyma, by controlling the magnitude of deltaf as frs-fap =deltaf. 
[0054] It mentions later in the example 1 1 for details. 
[0055] 



[Example] Hereafter, a concrete example explains the contents of this invention. 
Simulation performed most examples. Then, while describing briefly the 
simulation first used for this invention, in order to prove the justification of 
simulation, the comparison with an experiment is shown. 
[0056] Although the equal circuit shown in drawing 3 (B) can carry out simulation 
of the property of a 1 terminal-pair surface acoustic wave resonator simple, it is 
difficult to carry out simulation of the effectiveness of a reflector etc. to change 
lists, such as a logarithm of the Kushigata electrode which constitutes a 
resonator, opening length, and electrode layer thickness, correctly. Then, the 
artificer etc. applied this to the resonator using the approach of expressing with a 
transfer matrix on the basis of Smith's already developed equal circuit (O. let this 
be reference (1) with reference to Ikata et al.:1990 ULTRASONIC SYMPOSIUM 
Proceedings, vol.1, pp 83-86, and . (1990).). 

[0057] Drawing 9 (A) shows the result of the simulation at the time of arranging a 
1 terminal-pair surface acoustic wave resonator on a juxtaposition arm. 
[0058] Drawing 9 (B) arranges the 1 terminal-pair surface acoustic wave 
resonator with which an ingredient becomes a juxtaposition arm from the 
Kushigata electrode aluminum-2%Cu and whose thickness are 1600A, and 
shows the result of the experiment at the time of connecting a bonding wire 
(L=1.5nH) with a die length of 3mm further to this resonator. 
[0059] It turns out that an experimental value and calculated value are well in 
agreement with comparing drawing 9 (A) and (B) about a motion of the 
resonance point (the inside fr1 of drawing, fr2, and fr3 showed) by opening length 
change, or the magnitude of attenuation near the resonance point. 
[0060] Drawing 10 (A) shows the result of the simulation at the time of arranging 
a resonator on a serial arm. Since the bonding pad used in the experiment 
mentioned later was a little large, in simulation, the 0.5pF capacitor is taken into 
consideration as the stray capacity. 

[0061] Drawing 10 (B) shows the result of the experiment at the time of 
connecting a resonator to a serial arm. 



[0062] They are antiresonant frequency fa1, fa2, and fa3 for comparing drawing 
10 (A) and (B). It turns out that the point independent of opening length, change 
of the magnitude of attenuation near the antiresonant frequency, etc. are well in 
agreement with an experiment. 

[0063] Therefore, it is clear that the filter shape when combining these is also 
well in agreement with an experiment, and subsequent examples were 
performed in simulation. 

[0064] [Example 1] Drawing 1 1 shows the surface acoustic wave filter 60 which 
becomes the 1st example of this invention. 

[0065] When one example is given in the specification of current, and a domestic 
domestic automobile and cellular phone, the range of **8.5MHz makes center 
frequency 878.5MHz which separated -55MHz from there in the transmitting 
band of a mobile equipment by making 933.5MHz into center frequency, and 
there is a specification of a receiving band in the range of **8.5MHz. 
[0066] This example is designed so that it may be suitable for the transmitting- 
side filter of the above-mentioned mobile equipment. Other examples mentioned 
later are the same. 

[0067] It is the 1 terminal-pair surface acoustic wave resonator R2 to the serial 
arm 61 . And R4 It has allotted. 

[0068] It is the 1 terminal-pair surface acoustic wave resonator R1 , R3, and R5 to 
the juxtaposition arms 62, 63, and 64, respectively. It has allotted. 
[0069] L1, L2, and L3 It is an inductance and is a resonator R1 , R3, and R5, 
respectively. It connects and has allotted the juxtaposition arms 62, 63, and 64. 
[0070] Resonator R1 -R5 It has the Kushigata electrode structure shown in 
drawing 3 (A). 

[0071] A logarithm is 100 and opening length is 80 micrometers. 

[0072] An ingredient is aluminum-2% Cu and thickness is 3.000A. 

[0073] Moreover, the period of the Kushigata electrode is defined suitably and it 

is each resonator R1 in the juxtaposition arms 62 and 63 and 64, R3, and R5. 

Resonance frequency is set to 912MHz and antiresonant frequency is set to 



934MHz. 

[0074] Each resonator R2 in the serial arm 61, and R4 Resonance frequency is 
set to 934MHz and antiresonant frequency is set to 962MHz. 
[0075] An inductance L1, L2, and L3 They are both 4nH(s). 
[0076] The surface acoustic wave filter 60 of the above-mentioned configuration 
has the passage property shown by the line 65 among drawing 1212 . 
[0077] When inductances L are 2nH(s) and 6nH, the passage property of the 
filter 60 of drawing 1 1 becomes as [ show / lines 66 and 67 ] among drawing 12 , 
respectively. 

[0078] If L dependency over pass band width is expressed based on drawing 12 , 
it will become as [ show / the line 70 of drawing 13 (A) ]. Here, the frequency 
span in the level of the magnitude of attenuation which fell by -3dB from the 
minimum insertion loss was made into pass band width. 
[0079] Similarly, if L dependency over whenever [ out of band oppression ] is 
usually expressed based on drawing 12 , it will become as [ show / the line 71 of 
drawing 13(B)]. 

[0080] If L is enlarged not much so that drawing 12 may show, it will become 
impossible to take enough the oppression field by the side of 55MHz low 
frequency from center frequency. Then, L is set to 4nH(s) as mentioned above. 
[0081] In addition, the value of L is suitably chosen according to the specification 
of a filter. 

[0082] The passage property of the filter 1 of a configuration becomes as [ show / 
the drawing 12 median line 68 ] conventionally which is shown in drawing 70 . 
[0083] It turns out that pass band width is wide among drawing 12 as the filter 60 
of this example shows the passage property (line 65) of the filter 60 of this 
example by the arrow head 75 compared with the conventional filter as 
compared with the passage property (line 68) of the conventional filter, whenever 
[ outside a passband / oppression ] is high as an arrow head 76 shows, and loss 
is low as an arrow head 77 moreover shows. 

[0084] Drawing 14 and drawing 15 show the surface acoustic wave filter 



equipment 80 which realized the surface acoustic wave filter 60 of drawing 1 1 . 
[0085] It is the lid on which a ceramic package functions in 81 and a filter chip 
and 83 function as a ground in 82. 

[0086] A ceramic package 81 is a product made from an alumina ceramic, and 
size is 2 5.5x4mm. Height is as small as 1 .5mm. 

[0087] The electrode terminal 84-1 to 84-6 made from Au is formed in this 
ceramic package 81 . 

[0088] The filter chip 82 is LiTa03. It is make and size is 2 2x1 .5mm. Thickness 
is 0.5mm. 

[0089] Resonator R1 -R5 to which 100 and opening length have [ a logarithm / 80 
micrometers and an ingredient / aluminum-2%Cu and thickness ] the Kushigata 
electrode structure which is 3,000A on the front face of this filter chip 82 It shifts 
and arranges so that the propagation way of a surface acoustic wave may not be 
shared mutually. 

[0090] Moreover, two terminals 85-1 for signal lines as a terminal for bondings, 
85-2 and three terminals 85-3 for a ground, 85-4, and 85-5 are formed in the front 
face of the filter chip 82. 

[0091] It is a bonding wire, and is aluminum or a product made from Au, and a 
path is 25micrometerphi, bonding of 86-1 to 86-5 is carried out to a terminal 84-1 
to 84-5, and a terminal 85-1 to 85-5, and it is connected to them, respectively. 
[0092] Among these, a wire 86-1 and 86-2 constitute a part of serial arm 61a and 
61 61b in drawing 1111 , respectively. 

[0093] The wire 86-3 is connected between the electrode terminal 84-3 for a 

ground, and 85-3, the wire 86-4 is connected between the electrode terminal 84- 

4 for [ another ] a ground, and 85-4, and the wire 86-5 is connected between the 

electrode terminal 84-5 for [ another ] a ground, and 85-5. 

[0094] This wire 86-3 to 86-5 has [ both ] die length as long as 2.0mm. 

[0095] Thus, according to the theory of a RF, a thin and long wire has a part for 

an inductance. 

[0096] According to the theoretical formula (Kuraishi: indicate to P 199 of a 



science-and-engineering lecture and "example periphery microwave circuit" 
Tokyo Denki University Press) of an air ribbon inductor, the inductance of the 
above-mentioned wire 86-3, 86-4, and 86-5 serves as about 1 nH. 
[0097] In order to obtain the inductance of 4nH(s), this is insufficient, and L on a 
ceramic package which is illustrated to drawing 40 and drawing 41 which are 
mentioned later, and a filter chip was used. 

[0098] Thus, the inductance L1 in drawing 1 1 , L2, and L3 It constitutes. 
[0099] [Example 2] Drawing 16 shows the surface acoustic wave filter 90 which 
becomes the 2nd example of this invention. 

[0100] The same sign is given to the component shown in drawing 11 , and a 
corresponding part among drawing. 

[0101] Resonator R2 in the serial arm 61 Opening length AS It is 80 micrometers. 
[0102] In the juxtaposition arm 62, they are resonator R1A and an inductance L1. 
It connects with a serial and has allotted. 

[0103] Resonator R1 A is the opening length AP. It is 120 micrometers. 

[0104] Opening length AP Opening length AS It is long and is the opening length 

AS. They are 1.5 times. 

[0105] In addition, resonator R2 And the logarithm NP of R1A and NS It is 100 
both and is equal. 

[0106] This filter 90 has the passage property shown by the line 91 among 
drawing 17 . 

[0107] Without changing pass band width as compared with the passage 
property of the filter 60 of drawing 1 1 which shows this passage property by the 
line 65, as an arrow head 92 shows, it turns out that whenever [ passband 
external suppression ] is improved. 

[0108] Drawing 18 shows the opening length dependency of the passage 
property of the filter of the configuration of drawing 16 . 
[0109] the ratio [ as opposed to / / as this drawing (A) is shown in drawing 16 , 
when L is added, as it is shown in drawing 42 , when L is not added / the opening 
length (AS) of each serial arm resonator ] of the opening length (AP) of a 



juxtaposition arm resonator - AP/AS The relation of whenever [ out of band 
oppression ] is shown. 

[01 10] Whenever [ out of band oppression ] becomes as [ show / a line 93 ], 
when it becomes as [ show / when the inductance L of 4nH is added / a line 92 ] 
and the inductance L is not added. 

[0111] Moreover, drawing 18 (B) is AP/AS. Relation with pass band width is 
shown. 

[01 12] Pass band width becomes as [ show / a line 96 ], when it becomes as 
[ show / when the inductance L of 4nH is added / a line 95 ] and the inductance L 
is not added. 

[01 13] Drawing 18 </A> (A) and (B) show the following things. 
[01 14] ** Opening length AP of resonator R1 A in the juxtaposition arm 62 
Resonator R2 in the serial arm 61 Opening length AS Whenever [ out of band 
oppression ] increases by lengthening. 

[01 15] ** It is an inductance L1 to the juxtaposition arm 62. By adding, it 
compares, when it does not have an inductance, and it is the opening length AP 
of resonator R1 A. The effectiveness of increase becomes large and, moreover, 
most degradation of bandwidth does not have it. 

[0116] The above thing also shows having the passage property whenever 
[ whose / passband external suppression ] increased, without the filter 90 of the 
above-mentioned example narrowing pass band width at all compared with the 
filter 60 of drawing 1 1 . 

[01 17] [Example 3] Drawing 19 shows the surface acoustic wave filter 100 by the 
3rd example of this invention. 

[01 18] The same sign is given to the component shown in drawing 11 and 

drawing 16 , and a corresponding part among drawing. 

[01 19] Resonator R2 of the serial arm 61 Logarithm NS It is 100. 

[0120] In the juxtaposition arm 62, they are resonator R1B and an inductance L1. 

It connects with a serial and has allotted. 

[0121] Resonator R1B is Logarithm NP. It is 150 and is the above-mentioned 



resonator R2. Logarithm NS And they are the 1 .5 times. 

[0122] In addition, resonator R2 And opening length AS and AP of R1A It is both 

80 micrometers and is equal. 

[0123] This filter 100 has the passage property shown by the line 101 among 
drawing 20 . 

[0124] Without narrowing pass band width as compared with the passage 
property of the filter 60 of drawing 1 1 which shows this passage property by the 
line 65, as an arrow head 102 shows, it turns out that whenever [ passband 
external suppression ] is improved. 

[0125] Moreover, as compared with the passage property of the filter 90 of 
drawing 16 shown in the drawing 17 median line 91, it turns out that there is little 
loss degradation. 

[0126] Therefore, whenever [ passband external suppression ] has a passage 
property with little loss degradation compared with the filter 90 of increase and 
drawing 16 , without the filter 100 of this example narrowing pass band width 
compared with the filter 1 1 of drawing 1111. 

[0127] [Example 4] Drawing 21 shows the surface acoustic wave filter 110 which 
becomes the 4th example of this invention. This example is the antiresonant 
frequency fa of the resonance circuit of a serial arm. Resonance frequency fr A 
passage property is improved by expanding a difference. 
[0128] The same sign is given to the component shown in drawing 1 1 , and a 
corresponding part among drawing. 

[0129] The resonator R2 same among the serial arms 61 as the part between the 
juxtaposition arms 62 and 63 It connects with 2 serials and is the inductance LS 
of 3nH(s) to a serial in this further. It has added. 

[0130] The same resonator R4 same among the serial arms 61 as the part 
between the juxtaposition arms 63 and 64 It connects with 2 serials and is the 
inductance LS of 3nH(s) to a serial in this further. It has added. 
[0131] Only one resonator R location is allotted to the juxtaposition arm 62. 
[0132] Similarly, in the juxtaposition arm 63, it is the resonator R3 of 1. It has 



allotted. 

[0133] Similarly, in the juxtaposition arm 64, it is the resonator R4 of 1. It has 
allotted. 

[01 34] This filter 1 1 0 has the passage property shown by the line 1 1 1 among 
drawing 22 . 

[0135] Here, it is an inductance LS. And the resonator R2 of 1 and R4 The 
effectiveness of addition is explained. 

[0136] From the filter 1 10 of drawing 21 , it is an inductance LS. The resonator 
R2 of 1 , and R4 If it deletes, it will become the same with the conventional filter 1 
shown in drawing 42 R> 2. It seems that a line 68 (refer to drawing 12 ) shows 
the passage property of this condition. 

[0137] The above-mentioned inductance LS While pass band width was 
expanded as an arrow head 1 12 showed when added, as an arrow head 113 
showed, whenever [ out of band oppression ] increased. When seen especially 
about pass band width, especially the expansion by the side of high frequency 
was large, and about 15MHz bandwidth was expanded to the high-frequency 
side. The passage property became as [ show / a line 1 14 ]. 
[0138] This condition is not enough as whenever [ out of band oppression ]. Then, 
the resonator R2 of 1 and R4 It added. 

[0139] This resonator R2 of 1, and R4 Without narrowing pass band width, when 
added, as an arrow head 115 showed, about 5dB has improved and whenever 
[ out of band oppression ] became the passage property shown by the line 111. 
[0140] As an arrow head 116 shows a line 1 1 1 as compared with a line 68, loss 
is also improved compared with the former. 

[0141] In addition, the resonator R2 of the serial arm 61 and R4 Three or more 
pieces are sufficient, respectively. 

[0142] Moreover, an inductance may be inserted in the juxtaposition arms 62-64 
as the two-dot chain line in drawing 21 shows. 

[0143] [Example 5] Drawing 21 shows the surface acoustic wave filter 120 which 
becomes the 5th example of this invention. 



[0144] The same sign is given to the same part as the component shown in 

drawing 11 among drawing, and the explanation is omitted. 

[0145] Inductance L1 of the juxtaposition arm 62 Inductance values are 4nH(s). 

[0146] Inductance L2 of another juxtaposition arm 63 Inductance values are 

5.5nH(s). 

[0147] Furthermore, inductance L3 of another juxtaposition arm 64 Inductance 
values are 7nH(s). 

[0148] Thus, inductance L1 -L3 of each juxtaposition arms 62-64 By making 
inductance values differ, a filter 120 serves as a passage property shown by the 
line 121 among drawing 24 . 

[0149] Here, it is indan TAKUSU L1 -L3. All inductance values compare with the 
passage property of the filter 60 of drawing 1 1 equal to 4nH(s). 
[0150] This filter 60 has the passage property (refer to drawing 12 ) shown by the 
line 65 among drawing 24 . 

[0151] Without the passage property of the filter 120 of this example narrowing 
pass band width in any way compared with the passage property of the above- 
mentioned filter 60, as an arrow head 122 shows, whenever [ passband external 
suppression ] is raised. 

[0152] If it sees about a low frequency side from a passband, and it is in a filter 
60, the attenuation pole 124,125 will have occurred in two places, 875MHz and 
892MHz, to what had only the attenuation pole 123 of 1 near 902MHz. 
[0153] Thereby, the frequency band 126 between two attenuation poles 124,125 
turns into an inhibition zone 127. 

[0154] [Example 6] Drawing 25 shows the surface acoustic wave filter 130 which 
becomes the 6th example of this invention. This example aims at the fall of loss. 
[0155] The same sign is given to the component shown in drawing 1 1 , and a 
corresponding part among drawing, and the explanation is omitted. 
[0156] 1st surface acoustic wave resonator R1B of the juxtaposition arm 62 is the 
excitation electrode 131 and the configuration of having arranged the reflector 
132,133 on these both sides, as shown in drawing 26 . 



[0157] A reflector 132,133 is degree type d=(n+beta) -lambda about the pitch d of 
the excitation electrode 131 and a reflector 132,133. - When expressed with ** 
(it is here and n is the period of the Kushigata electrode corresponding to 
resonance frequency in lambda corresponding to the one or less real number in 
a suitable integer and beta), it has allotted the location when being referred to as 
beta= 0.4. 

[0158] The logarithm of the above-mentioned reflector 132,133 is 50. 

[0159] Resonator R1B equipped with the reflector is expressed with the notation 

which added "*" as shown in drawing 25 . 

[0160] Resonator R3B of other juxtaposition arms 63 and 64 and R5B as well as 
the above-mentioned resonator R1B are the configurations equipped with the 
reflector. 

[0161] The filter 130 of the above-mentioned configuration has the passage 
property shown in the drawing 27 median line 134. 

[0162] As an arrow head 135 shows this passage property compared with the 
passage property (a line 65 shows) of the filter 60 of drawing 11 , the insertion 
loss of a band is usually reduced. 

[0163] Here, it is Ripple rP. It generates by having arranged the reflector 132,133 
on both sides of the excitation electrode 131 of a juxtaposition arm, as shown in 
drawing 26 . 

[0164] Here, the reason for having defined the arrangement location of a reflector 
132,133 as mentioned above is explained. 

[0165] In the above-mentioned ** type, beta is changed from 0 to 0.5, and it is 
Ripple rP. The effect on width of face becomes as [ show / the drawing 28 
median line 140 ]. 

[0166] A point 141 is a point of min [ width of face / ripple ] among this drawing, 
and beta at this time is 0.4. 
[0167] From this, beta is set to 0.4. 

[0168] Drawing 29 shows the surface acoustic wave filter equipment 150 which 
realized the filter 130 of drawing 25 . 



[0169] The same sign is given to the component shown in drawing 14 , and a 
corresponding part among drawing, and the explanation is omitted. 
[0170] 132, 133, and 151,152,153,154 are reflectors, respectively. 
[0171] Next, the modification of the 1st 1 terminal-pair surface acoustic wave 
resonator is explained. 

[0172] Drawing 30 shows the modification of 1. 

[0173] This resonator R1 Ba is the configuration that electrical load arranged the 
Kushigata electrode 160,161 of a short circuit mold on the both sides of the 
excitation electrode 131 as a reflector. 
[0174] Drawing 31 shows another modification. 

[0175] This resonator R1 Bb It is the configuration of having arranged the strip 
array mold electrode 165,166 on the both sides of the excitation electrode 131 as 
a reflector. 

[0176] [Example 7] Drawing 32 shows the surface acoustic wave filter 170 which 
becomes the 7th example of this invention. This example is what aimed at the fall 
of loss like the example 6, the same sign is given to the component shown in 
drawing 2121 , and a corresponding part among drawing, and the explanation is 
omitted. 

[0177] A filter 170 is the configuration of having arranged the reflector 132,133 on 
the location where beta of the both sides of the excitation electrode 131 becomes 
settled in 0.4 about 1st surface acoustic wave resonator R1 B of each 
juxtaposition arms 62, 63, and 64, R3B, and R5B as shown in drawing 26 , 
respectively among FITARU 110 of drawing 21 . 

[0178] According to this filter 170, rather than the property shown in the drawing 
22 median line 111, there is little loss of a passband and the passage property 
that the ripple was also stopped is acquired. 

[0179] [Example 8] This example is the ripple rP in drawing 27 . It aims at 
removing. 

[0180] First, the means which removes effectively the ripple which appears at the 
time of said reflector addition is described. 



[0181] The artificer etc. investigated the relation between the expression 
frequency location of a ripple, and electrode layer thickness by simulation. 
[0182] In simulation, the effectiveness of the increment in thickness was replaced 
by enlarging the ratio of the acoustic impedance under an electrode (Zm), and 
the acoustic impedance (Zo) of the free surface, as reference (1) has also 
described it, the increment in electrode layer thickness is that mass increases, 
and it is because it is thought that this is proportional to the increment in the 
amount of discontinuity of an acoustic impedance as it is -- following -- 
Q=Zo/Zm=Vo/Vm=1+k2 / 2+alpha (t) - (9) 

The acoustic velocity under (Vo, Vm:free surface, and an electrode, k2 : It 

considered as electromechanical coupling coefficient) and this was changed as a 

parameter which is proportional to Thickness t about alpha (t). 

[0183] When it places like this, the center of filter frequency fo is fo=2fo'/(1+Q). - 

(10) 

It is in agreement also with the experiment fact known well of moving to a low 
frequency side from center frequency fo' in case there is no discontinuity of an 
acoustic impedance as a next door and thickness are increased, if alpha (t) is 
enlarged as a result of simulation (i.e., if electrode layer thickness is thickened) - 
ripple rP the appearing frequency location shows by the arrow head 180 among 
drawing 33 - as - the RF side of a passband -- moving - just - being alike - it 
turned out that it falls into the attenuation pole by the side of a RF. This is 
typically shown in drawing 33 . 

[0184] In addition, the inside of drawing 33 and another ripple rS The reflector of 
a serial arm resonator is generated owing to. 

[0185] Drawing 34 shows a passage property when the ripple produced from the 
reflector of the resonator of a juxtaposition arm has fallen into the attenuation 
pole by the side of a RF exactly in the time of alpha(t) =0.08. Therefore, in this 
drawing, a ripple disappears from a passband and, moreover, the insertion loss 
is decreasing considerably. In addition, in this drawing, since the core of a 
passband moved to the low frequency side according to (10) types, only 15MHz 



of resonance frequency of the resonator of a serial arm and a juxtaposition arm 
has been shifted to a RF side that this should be amended, so that center 
frequency may be set to 932MHz. 

[0186] In order to see this by correspondence with actual thickness, the chip was 
made as an experiment and the passage property was investigated. 
[0187] The line 185,186,187 of drawing 35 (A), (B), and (C) makes a passage 
property in case thickness is 2000A, 3000A, and 4000A, respectively correspond, 
and is shown. 

[0188] In addition, although center frequency changes by changing thickness, the 
data of this drawing change the period of the Kushigata electrode so that they 
may amend this, and they are adjusting it so that center frequency may seldom 
be changed. 

[0189] The ripple rP of the resonator of a juxtaposition arm which had appeared 
in the band at the time of 2000A so that clearly from drawing 35 , and ripple rS of 
a serial arm out of band At the time of 3000A, it moved to the RF side, and it 
became rS\ and rP' became the good property which does not have a ripple into 
a band, as a result of having been buried in the attenuation pole by the side of a 
RF, rP" and. This result is well in agreement with the result of simulation 
qualitatively. 

[0190] However, when thickness is made to increase, in simulation, there are 
loss degradation (30 No. : "LiTa03 application to the surface acoustic wave 
resonator and its oscillator for VTR on a substrate" besides Ebata, the Institute of 
Electronics and Communication Engineers paper magazine, vol.J66-C, 1, pp23- 
1988) by the incalculable bulk wave and a loss improvement by resistance loss, 
and the balance also serves as an important factor. 

[0191] Then, change of the minimum insertion loss when changing thickness into 
drawing 36 (A) was plotted. 

[0192] Loss according [ a line 190 ] to a bulk wave and a line 191 show loss by 
resistance loss among this drawing. A line 192 is an experimental value. 
[0193] As shown in this drawing, in about 2500A, both effectiveness is balanced, 



from about 3500A, the increment in loss by the bulk wave becomes dominant, 
and insertion loss begins to deteriorate. 

[0194] The line 193 of drawing 36 (B) is the ripple rP at the time of changing the 
thickness of the excitation electrode 131 and reflector 132,133 in drawing 26 . 
Passband center frequency fO of a frequency location Receiving change is 
shown. 

[0195] If drawing 36 (A) and (B) are judged synthetically, as thickness, 2600A - 
4000A does not make a ripple in a band, and it is suitable from there being little 
loss degradation. It will be set to 0.06-0.09 if this is standardized by electrode 
period lambdaP (it is 4.4 micrometers in 932MHz, and is referring to drawing 26 ) 
of the juxtaposition arm resonator mostly decided from a center of filter frequency. 
[0196] This example is based on the above-mentioned examination result. 
[0197] Drawing 37 shows the 1st 1 terminal-pair surface acoustic wave resonator 
200 of the surface acoustic wave filter of this invention. 
[0198] The inside of this drawing and 201 excitation electrodes 202,203 are the 
products made from aluminum mixing which are reflectors and mixed the 
dissimilar metal several% by the product made from aluminum, or the weight 
ratio, respectively, and are thickness t1. It is 0.06 to 0.09 times the thickness of 
electrode period lambdap. 

[0199] The passage property of the surface acoustic wave filter which applied 
this resonator 200 to resonator R1B in drawing 25 and drawing 32 , R3B, and 
R5B becomes as [ show / a line 205 ] among drawing 38 , and the ripple has not 
appeared in the passband. 

[0200] In addition, when it considers as the above-mentioned product made from 
aluminum alloy, a power-proof property improves compared with the case where 
it considers as the product made from aluminum. The dissimilar metals to mix are 
Cu, Ti, etc. 

[0201] Drawing 39 shows the resonator 210 which is the modification of the 
above-mentioned resonator. 

[0202] 21 1 is an excitation electrode and 212,213 is a reflector. 



[0203] These are the products made from Au. 

[0204] It becomes smaller [ a ratio with the consistency of the range aluminum of 
the optimal thickness value ] from this phenomenon having arisen under the 
effect of the mass addition effectiveness than the above-mentioned value. 
[0205] The consistency of aluminum / consistency of Au = since it is 2.7 / 18.9= 
0.143, it is the optimal thickness t2. It doubles 0.143 and is electrode period 
lambdaP. It has carried out to one 0.0086 to 0.013 times the thickness of this. 
[0206] Becoming as [ show / in drawing 38 / the passage property of the surface 
acoustic wave filter which applied this resonator 210 to resonator R1B in drawing 
25 and drawing 32 , R3B, and R5B ], a ripple does not appear in a passband. 
[0207] [Example 9] This example is the inductance L1 in drawing 1 1 , L2, and L3. 
It is another example to realize. 

[0208] The same sign is given to the component shown in drawing 14 , and a 

corresponding part among drawing 40 , and the explanation is omitted. 

[0209] 220,221 is a zigzag-like microstrip line, extends from a terminal 84-3 and 

84-5, respectively, and is formed on the ceramic package 81. 

[0210] The tip of each microstrip line 220,221 is connected with the ground. 

[0211] The die length between 100 micrometers, a microstrip line, and a ground 

of the pattern width of face of each microstrip line 220,221 is 0.5mm. 

[0212] If specific inductive capacity of a ceramic package 81 is set to 9, the 

inductance value of the above-mentioned microstrip line 220,221 will serve as 

2nH(s) from the theoretical formula of a ribbon inductor. 

[0213] [Example 10] This example is the inductance L1 in drawing 11 , L2, and 

L3. It is still more nearly another example to realize. 

[0214] The same sign is given to the component shown in drawing 14 , and a 

corresponding part among drawing 41 , and the explanation is omitted. 

[0215] 230,231 is a zigzag-like microstrip line and is a resonator R1 and R2, 

respectively. It extends and has formed on the filter chip 82. 

[0216] A terminal 85-3 and 85-5 are formed at the tip of each microstrip line 

230,231. 



[0217] For thickness, 3000A and width of face are [ 60 micrometers and the 
overall length of each microstrip line 230,231 ] about 2mm. 
[0218] If specific inductive capacity of the filter chip (LiTa03) 82 is set to 44, the 
inductance value of a microstrip line 230,231 will serve as 2.2nH from a 
theoretical formula. 

[0219] In addition, an inductance can also be formed by combining suitably the 
microstrip line 220 on a bonding wire 86-3 and a ceramic package 81, and the 
microstrip line 230 on the filter chip 82. 

[0220] [Example 1 1] Drawing 42 shows the surface acoustic wave filter 240 by 
the 1 1th example of this invention. Drawing 43 shows the configuration which 
materialized this. 

[0221] It explains about the outline of this example, and the basic configuration of 
this example first on [ of explanation ] expedient. 

[0222] ** Outline this Example of this example is the resonance frequency frs of 
the resonator of a serial arm. Antiresonant frequency fap of the resonator of a 
juxtaposition arm It sets highly suitably, pass band width is expanded, and it is 
deltaf**frs-fap. It is the configuration of having set the loss in a passband to the 
range which is not degraded remarkably. 

[0223] ** Set in basic configuration aforementioned each example of this 
example, and it is fap =frs. In order to form the passband of a filter, it considers 
as indispensable conditions. However, as long as this condition is kept, an upper 
limit will arise in a passband. Then, it is fap <frs as it is shown in drawing 44 , in 
order to expand pass band width. It considered carrying out. 
[0224] When it carries out like this, it is fap <f<frs so that clearly from this drawing. 
In the range, there is a possibility of it being set to bx<0 and becoming a decay 
area from the above-mentioned theory. However, if the magnitude of deltaf (=frs- 
fap) was restricted so that it may state below actually, since the value of bx 
product would stop at a very small value, it turned out that attenuation does not 
take place but it is satisfactory in any way as a real superior transit band. 
[0225] Drawing 45 is deltaf=frs-fap. The passage property of the ladder type filter 



when increasing from zero is shown. 

[0226] For a piezo-electric substrate, as experiment conditions, an 
electromechanical coupling coefficient is LiTa03 of 0.05. aluminum electrode for 
the Kushigata electrodes used the conditions of 3000A of thickness. 
[0227] The parallel resonance machine for an electrode configuration carrying 
out cascade connection of this to two steps by considering as a basic 
configuration what connected the parallel resonance machine as shown in 
drawing 42 , and the series resonance machine to the ladder mold, and making 
an input side and an output side symmetrical at it is connected to the last stage. 
A ladder mold circuit is made multistage for raising whenever [ out of band 
oppression ] even to a practical value. 

[0228] However, since the loss in a passband also increases by multistage- 
ization, the specification of a concrete filter adjusts the number of stages of 
multistage-izing. This example is given as one example of a configuration which 
realizes 20dB or more whenever [ 2dB / of loss / or less, and out of band 
oppression ]. For the resonator of a serial-parallel arm, as a design condition of 
the Kushigata electrode, the number of opening length is [ a logarithm ] 50 in 180 
micrometers, since the logarithm of a serial-parallel resonator and the opening 
length conditions are equal - the ratio of each electrostatic capacity - P=Cp/Cs 
is 1. 

[0229] In drawing 45 , (A) is the case of deltaf=0, i.e., the case of the 
aforementioned example. 

[0230] This drawing (B) is the case of deltaf=10MHz. Compared with this drawing 
(A), pass band width (it considers as the bandwidth which guarantees 2.5dB or 
less of loss) is improved from 22MHz to 40MHz, without the minimum insertion 
loss of a passband hardly deteriorating. 

[0231] Bandwidth is improved beyond the increment in deltaf, because the loss 
recovery by the side of the low frequency of a passband is seen. 
[0232] Moreover, also whenever [ out of band oppression ] is improved. In 
drawing 45 (A) and (B), whenever [ by the side of a RF / out of band oppression ] 



(shown all over drawing) is improved from 19dB to 20dB. 

[0233] Thus, if deltaf is made to increase, although an improvement of a property 

will be found, the augend has a limit. 

[0234] Drawing 45 (C) is a passage property Fig. when being referred to as 
deltaf=19MHz. the inside of a passband - loss degradation begins to be seen a 
little at a RF side. In this case, it is about 2.5dB. This also became the cause 
which makes the ripple in a band increase, and was set to about 1 .OdB of a ripple 
specification limit in this example. The increment in deltaf beyond this turned into 
loss degradation and an increment in the ripple in a band. Therefore, 
deltaf=19MHz becomes a limit in the case of making deltaf increase. 
[0235] The case of deltaf=19MHz of drawing 45 (C) was investigated for what 
kind of value the above-mentioned bx product is at this time for the example. 
[0236] First, the surface acoustic wave resonator which constitutes the 
juxtaposition arm of drawing 42 , and the surface acoustic wave resonator which 
constitutes a serial arm were produced according to the individual, by circuitry as 
shown by drawing 46 (A) and (B), the resonator of a juxtaposition arm measured 
admittance and the resonator of a serial arm measured the impedance, 
respectively. Measurement was performed using the network analyzer and each 
S21 was measured. And it substitutes for the formula showing the value in 
drawing 46 (A) and (B), and is an impedance Zp. And admittance Yp It asked. 
[0237] Consequently, frequency characteristics as shown in drawing 47 were 
acquired. This property is admittance and the value of only the imaginary part of 
an impedance, i.e., b, and the value of x. 

[0238] If the value of bx product is calculated from these, the frequency 
characteristics will become like drawing 48 . 

[0239] This drawing to fap <f<frs In the range, it turns out that the value with bx 
product small negative is taken. 

[0240] Maximum jbxmax | of the absolute value of bx product is [0241] so that it 
may mention later. 
[Equation 9] 



f = Vtap xtrs 



[0242] It was given at the time of ** and was 0.06 in this example. That is, if a 
|bxmax | value is below this value, it turns out that degradation of insertion loss 
mentioned above and the ripple in a band may be small stopped with 1dB or less 
both. 

[0243] deltaf> If 19MHz, a |bxmax | value also increases, and neither loss 
degradation nor the ripple in a band sets to 1dB or more and is practical. 
[0244] Therefore, a |bxmax | value serves as an index of the upper limit of 
property degradation, and the allowed value of deltaf is defined. 
[0245] Below, it becomes common further below and explains in full detail. 
[0246] The representative circuit schematic when approximating a surface 
acoustic wave resonator to drawing 49 like drawing 3 in the double resonance 
circuit of LC, and constructing in a ladder mold filter like drawing 2 is shown. 
[0247] It is [0248] when admittance of the surface acoustic wave resonator of Zs 
and a juxtaposition arm is set to Yp for the impedance of the surface acoustic 
wave resonator of a serial arm. 
[Equation 10] 

- j (<y,. 2 -(o* ) 

Zs=jx = -(11) 

toCos (o>., 2 -co 2 ) 

j wCop (w.p 2 -o* ) 

Yp=jb = -(12) 

(6) r p 2 -co 2 ) 

[0249] It becomes. It is here and is [0250]. 
[Equation 11] 

6j r <= 2^f,.= i/ vc.l.. : w.mmim®Q>&Mmmm 
6)..= 2 n f ..=<*>,. vi + i/r : m.mmimu<D%&mm®n 

co r ,= 2ni„=\/ VC,pL 1p : ^R*^®&jaS»tt 
G)„=2jrf . D =<y r » V 1 + 1 / r : #flffi#S»©K=£«ja»« 

r =Cos/c 1s =Cop/c 1p c&mm^vmzt 
6) 



[0251] It comes out. 

[0252] It is [0253] when it asks for bx product from (11) and (12) types. 

[Equation 12] 

Cop - (o). d z -co 2 ) • -co 2 ) 

b x = -(13) 

Co, • (Wrp 2 -w 2 ) • (co., 1 -co 2 ) 

[0254] It becomes. 

[0255] (13) The angular frequency omega which gives extremal value to bx of a 
formula can be found from **(bx)/**omega=0, and it is [0256]. 
[Equation 13] 

co = Vo)»p • 0)r« •• (1 4) 

[0257] It becomes. 

[0258] The value which substituted this for (13) types turns into maximum of the 
absolute value of bx product in a passband. It is [0259] when it asks for this. 
[Equation 14] 

Cop' (1 + 1/7) 

bx.„ = (1 5) 

Co. • CI + 1/ (r • Aw/<y T ,) ) 2 

[0260] It becomes. 

[0261] It is here. deltaomega=omegars-omegaap=2pi-deltaf- (16) 
It comes out. 

[0262] (15) It is bxmax about a formula. If P=Cop/Cos is plotted as a parameter 
as relation of deltaf/frs, it will become like drawing 50 . 
[0263] In this drawing, if the conditions of 0.06 or less allowed value of the 
product of bx calculated experimentally previously are illustrated, it will become a 
field like a slash. 

[0264] Therefore, the allowed value alpha of deltaf/frs which changes with 
P=Cop/Cos can be determined, and it serves as a degree type as |bxmax |=0.06 
of (15) types. 



[0265] 

[Equation 15] 

a=l/ ( VH Lr* +r) / 0. 0 8 -r) -(17) 

[0266] According to [ can carry out a substrate ingredient and ] a ball and the 
experiment, a capacity factor gamma is 36 degreeY cut propagation LiTa03. It 
was about 15. 

[0267] For this reason, (17) types are [0268]. 
[Equation 16] 

a=6. 67xi0" l /(4. 2 2 VF- 1 ) -(18) 
[0269] It becomes. 

[0270] At the time of P= 1 , it is set to alpha= 0.02, in the case of the example of 
frs=948MHz drawing 45 , is set to deltaf=19MHz, and can check that (18) types 
are realized. 

[0271] The effectiveness of increasing deltaf has a capacity factor gamma 
effective in a small piezo-electric substrate ingredient, i.e., a substrate ingredient 
with a big electromechanical coupling coefficient, and asked for (17) types from 
such a piezo-electric substrate ingredient. 

[0272] A gamma value is an electromechanical coupling coefficient k2. Since it is 
proportional to the inverse number, it is LiTa03 of 36 degreeY cut X propagation. 
When the gamma value of a gamma value, the 64 degree Y cut X propagation 
LiNb03 (k2 =0.1 1) of k ingredients which has other high electromechanical 
coupling coefficients using the value of 2 = 0.05, and the 41 degreeY cut X 
propagation LiNb03 (k2 =0.17) is calculated, the former is 6.8 and the latter is 
4.4. In addition, these k2 A value is reference ("Applications for Piezoelectric 
Leaky Surface Wave":KYamanouchi and M.Takeuchi, 1990 ULTRASONICS 
SYMPOSIUM Proceedings, pp 11-18, 1990). It referred to. 
[0273] In addition, drawing 51 is a capacity factor gamma and an 
electromechanical coupling coefficient k2. Relation is shown. 



[0274] The relation of this drawing is 36 degreeY cut propagation LiTa03. k2 A 

value with a gamma value is used and it is [0275]. 

[Equation 17] 
1 

k 2 oc — 

7 

[0276] It asks by carrying out. 

[0277] X propagation LiTa03 of the relation of drawing 51 to a 64Y" cut, and 41 
degreeY cut a gamma value « it can ask the above - the same - respectively 
- gamma= - it is set to 6.8 and 4.4. 

[0278] ** Configuration **** of an example 1 1 explains the configuration of the 
example shown in drawing 42 and drawing 43 . 
[0279] 241 is 36-degreeY-LiTa03. It is a piezo-electric substrate and is 
1.5x2x0.5mm in magnitude. 

[0280] It has stood in a line in an order from the input side in order of a 
juxtaposition arm resonator (Rp1), the serial arm resonator (Rs1), the 
juxtaposition arm resonator (Rp2), the serial arm resonator (Rs2), and the 
juxtaposition arm resonator (Rp3). 

[0281] Each resonator is the structure which had a reflector 242 (short circuit 
mold) in both sides. 

[0282] As for each of each resonators, for the logarithm of 180 micrometers and 
an electrode finger, the number of opening length of 50 pairs and a reflector is 
also 50. 

[0283] Only the period of the Kushigata electrode finger is changed with the 
juxtaposition arm resonator and the serial arm resonator. The period of 
lambdap=4.39micrometer (since pattern width of face and a gap are 1:1 s, 
pattern width of face is lambdap / 4**1 .1 micrometers), and a series resonance 
machine of the period of a juxtaposition arm resonator is 

lambdas=4.16micrometer (pattern width of face is lambdas / 4= 1.04 micrometers 
similarly). 

[0284] It is determined from lambdas=Vm / frs, and lambdap=Vm / frp that each 



period will serve as a value (frp =893MHz, frs =942MHz) predetermined in the 
resonance frequency (frp, frs) of each resonator. Here, it is Vm. 36 degreeY cut 
X propagation LiTa03 at the time of 3000A of electrode layer thickness It is the 
acoustic velocity of the surface wave of a crystal, and asked with Vm =3920 m/s 
experimentally. 

[0285] The surface acoustic wave filter 240 of the above-mentioned configuration 
is the broadband shown in drawing 45 (C), and has the passage property of low 
loss. 

[0286] In addition, it is deltaf=19MHz. 

[0287] Among drawing 43 , if [ change only lambdap and ] 4.35 micrometers, 
deltaf will be set to 10MHz and the property of drawing 45 (B) will be acquired. 
[0288] In addition, an electrode material is an aluminum-Cu alloy, and thickness 
is 3000A, and it is arranged so that a surface wave may spread to X shaft 
orientations of the piezo-electric substrate 241. 

[0289] Next, the example at the time of using other piezo-electric substrates is 
explained. 

[0290] 64 degreeY cut X propagation LiNb03 It is gamma= 6.8 at a case and 
(17) types are [0291]. 
[Equation 18] 



[0292] It becomes. 

[0293] 41 degreeY cut X propagation LiNb03 It is gamma= 4.4 at a case and is 

[0294]. 

[Equation 19] 



a=l. 4 7xi Q- 1 / (4. 3 7 /F- 1 ) 



(1 9) 



a=2. 2 7 3 X 1 (TV (4. 5 2 /F- 1) 



- (2 0) 



[0295] It becomes. 

[0296] alpha becomes large, and even if it extends deltaf greatly, property 
degradation cannot take place easily, so that a gamma value becomes small (i.e., 



so that an electromechanical coupling coefficient becomes a big substrate). 
[0297] [Example 12] Drawing 52 shows the circuitry Fig. of the surface wave filter 
250 which becomes the 12th example of this invention. 
[0298] Drawing 53 shows the structure which materialized the surface acoustic 
wave filter of the circuitry of drawing 52 . 

[0299] Drawing 54 and drawing 55 show the property of drawing 52 and the 
surface acoustic wave filter of 53. 

[0300] ** Explain the outline of this example first after [ expedient ] that an 
example explains [ outline ]. 

[0301] The surface acoustic wave filter of this example connects a surface 
acoustic wave resonator to a serial parallel, aims at adjustment of the image 
impedance during the unit section which consists of every one serial-parallel 
resonator in the surface acoustic wave filter of the ladder mold which made two 
or more these multistage, and considers it as the configuration which reduces the 
loss in each node. 

[0302] This becomes possible to reduce the insertion loss in a passband. 
[0303] ** like the thinking fault to completion of invention next - like the thinking 
fault to completion of this invention - ******** - explain. 

[0304] As shown in drawing 56 (A) and (B), a bandpass property can be acquired 
by ladder mold connection of the serial arm resonator per piece [ at least ] and 
juxtaposition arm resonator. In addition, ladder mold connection of the serial arm 
resonator of every this piece and a juxtaposition arm resonator serves as the unit 
section of a filter. 

[0305] Under the present circumstances, as for the resonance frequency of a 
serial arm resonator, and the antiresonant frequency of a parallel resonance 
machine, it is desirable for the former to have a frequency higher than the latter 
from on coincidence or pass-band-width expansion. The unit section of drawing 
56 (A) and (B) is, or an I/O edge is a serial arm mutually, it has two types, and 
what connected these to multistage is classified into three types as shown in 
drawing 57 (A), (B), and (C). 



[0306] One side of drawing 57 (A) by the side of I/O is the case (symmetry mold) 
where it is [ the I/O edge of this drawing (C) ] a serial arm when another side is a 
juxtaposition arm, and the I/O edge of a (asymmetrical type) and (B) is a 
juxtaposition arm (symmetry mold), with a serial arm. 

[0307] Thus, although whenever [ insertion-loss and out of band oppression ] will 

be n times the unit section and an insertion loss generally worsens when it is 

made multistage, whenever [ out of band oppression ] improves. When especially 

loss of the unit section is close to 0, this multistage-izing is effective. 

[0308] However, if the impedance matching in the passband of the unit sections 

is not suitable, an insertion loss will get worse further rather than n theoretical 

times. 

[0309] It is because reflection of power will take place on the boundary (each 
boundary from line 1-1' to n-n' in drawing 57 ) of the unit section and it will 
become the increment in loss, if impedance matching is not suitable. 
[0310] If power reflection of the unit sections is made into **, loss will also serve 
as n10log (**). 

[0311] Therefore, it is important by pressing down power reflection on a scale 
and a boundary for the impedance matching of the unit sections to press down 
the increment in an insertion loss as much as possible. 
[0312] Next, how to plan impedance matching of the unit sections is explained. 
[0313] What is necessary is just to place, if the image impedance which looked at 
each circuit side from boundary b-b' is mutually equal when planning impedance 
matching and connecting the circuits which generally have two different 4 
terminal constants (four constants A, B, C, and D of an F matrix), as shown in 
drawing 58 . 

[0314] The image impedance Zi1 which saw the circuit 1 side as shown in 
drawing 58 is 4 terminal constant A1 of a circuit 1 , B1 , C1 , and D1 . It uses and is 
expressed like a degree type. 
[0315] 

[Equation 20] 



Zm= vd, u. /c, a, 



(2 1) 



[0316] The image impedance Zi2 which saw the circuit 2 side similarly is 

expressed like a degree type. 

[0317] 

[Equation 21] 

Z-,2= VA 2 b 2 /U 2 D 2 ■■ (22) 

[0318] These image impedances are load resistance (pure resistance) R0. It is 
decided independently. 

[0319] (21) If equal and a formula and (22) types will be placed, impedance 

matching conditions like a degree type can be found. 

[0320] 

D one B1 / C1 A1 =A2 B-2 / C2 D2 -- (23) 

Drawing 59 shows the case where the above-mentioned impedance matching 
conditions are applied to the unit section of a ladder mold circuit. 
[0321] Impedance matching is a bad connection method and drawing 59 (A) 
does not fulfill the conditions of (23) types. 

[0322] Reflection coefficient ** which saw right-hand side from boundary b-b' is 
[0323]. 

[Equation 22] 

Z. Yp / s 

T= -(24) 

2 + Z s Yp 

[0324] It becomes. Zs Yp With an actual component, since it does not become in 
0 completely even in a passband, ** is not set to 0, either. 
[0325] Compared with this, in order to fill the conditions of (23) types with 
boundary b-b', reflection is set to 0, and drawing 59 (B) or drawing 59 (C) does 
not produce loss. 

[0326] for example, the case of drawing 59 (B) - from boundary b-b' - ****** - an 
image impedance - [0327] from (21) types 



[Equation 23] 

z,,= vz. /y p nrrzr; y p > - (2 5) 



[0328] It becomes. When it asks also for the image impedance Zi2 which saw 
right-hand side from boundary b-b' from (22) types, it turns out that it becomes 
equal to Zi1. 

[0329] Therefore, impedance matching can be taken and the reflection coefficient 
in a boundary is set to 0. 

[0330] It is proved that drawing 59 (C) has taken impedance matching similarly. 
[0331] Next, how to make multistage connection of the unit section using 
continuation as shown in drawing 59 (B) and (C) is considered. 
[0332] Drawing 60 (A) shows the circuit which repeated the continuation of 
drawing 59 (B) and (C) by turns, and made n (> 2) stage connection of the unit 
section. If such a connection method is used, even if how many steps connect 
from the above-mentioned reason, power reflection of each unit section will not 
take place. 

[0333] If the resonators of the juxtaposition arm which adjoins mutually and suits 
with the configuration of drawing 60 (A), or the resonators of a serial arm are 
added and it is made a bundle, it will become drawing 60 (B) and equivalence. 
[0334] Consequently, it turns out that only the arm nearest to an I/O edge comes 
to have the half impedance or half admittance value of magnitude to the arm 
inside it. 

[0335] If a lever rule is applied to the method of three kinds of multistage-izing 
shown by drawing 57 , the approach of of drawing 61 (A), (B), and (C) will be 
acquired as continuation which planned impedance matching, respectively. 
[0336] It is the adjustment-ized continuation corresponding to drawing 57 (A), 
one of the I/O edges is a serial arm, and drawing 61 (A) is the case where 
another side is a juxtaposition arm. In this case, the impedance value of the 
serial arm resonator of an edge is the one half of the impedance value of an 
inside serial arm resonator, and the admittance value of the juxtaposition arm 



resonator of the other-end section is also the one half of the admittance value of 
an inside juxtaposition arm resonator. 

[0337] Similarly, drawing 61 (B) is drawing 57 (B), and drawing 61 (C) is the 
adjustment-ized continuation of drawing 57 (C). 

[0338] By the case where both ends are juxtaposition arms in the case of 
drawing 61 (B), the admittance value of the juxtaposition arm resonator of both 
ends serves as half [ of the admittance value of the juxtaposition arm resonator 
inside it ]. 

[0339] By the case where both ends are serial arms in the case of drawing 61 (C), 
the impedance value of the serial arm resonator of both ends serves as half [ of 
the impedance value of the serial arm resonator inside it ]. 
[0340] ** Explain the 12th example of this invention based on the configuration, 
next the above-mentioned view of an example 12. 

[0341] Drawing 52 shows the fundamental configuration of the surface acoustic 
wave filter 250 which becomes the 12th example of this invention. 
[0342] If this surface acoustic wave filter is materialized, it will become as [ show 
/ in drawing 53 ]. 

[0343] It consists of three serial arm resonators (Rs1, Rs2, and Rs3) and three 
juxtaposition arm resonators (Rp1, Rp2, and Rp3), and connects like the equal 
circuit shown in drawing 52 , respectively. 

[0344] these six resonators - both - opening length (90 micrometers) -- the 

same - and an electrode finger - the same is said of the logarithm (100 pairs). 

[0345] Moreover, each resonator has the reflector of a short circuit mold as 

shown in this drawing on both sides, and is raising Q. 

[0346] The logarithm of a reflector is about 100 pairs. 

[0347] All serial arm resonators (Rs1 -Rs3) are the electrode finger periods 

(lambdas) of the same die length, and are lambdas=4.19micrometer. 

[0348] Moreover, the period of a juxtaposition arm resonator (Rp1 -Rp3) is set to 

different periodic lambdap=4.38micrometer from this. 

[0349] As a comparative object, a configuration is shown in drawing 62 



conventionally to this configuration. 

[0350] About both drawing 52 and drawing 62 , it is an impedance Zs. The design 
conditions of the end bomblet nature surface wave resonator of the serial arm 
shown are 90 micrometers of opening length, and 100 pairs of logarithms. 
Admittance Yp The 1 terminal-pair surface acoustic wave resonators of the 
juxtaposition arm shown are also the same conditions. 
[0351] A piezo-electric substrate crystal is the 36 degreeY cut X propagation 
LiTa03. It uses and the Kushigata pattern of 3000A aluminum alloy film is formed 
as a surface acoustic wave resonator on it. 

[0352] A continuous line 251 shows the property of the filter 250 of drawing 53 
among drawing 54 . A broken line 252 shows the property of the conventional 
filter of drawing 62 . Both show that the direction of the filter 250 of this example 
is low-loss-ized. Especially an improvement in the both ends of a passband is 
large. 

[0353] Next, it sets in the conventional filter of drawing 62 , and is the admittance 
Yp of the unit section (3). Only the parallel resonance machine with which it is 
expressed reduces a logarithm from 100 pairs to 80 pairs, and is admittance Yp. 
A line 253 shows the passage property when making a value small among 
drawing 55 . It turns out that the insertion loss is improved similarly. Therefore, it 
can be said that there is about effectiveness although just reducing from an 
inside admittance value is not enough as it even if it does not set the admittance 
value of an edge to one half. It is the same also to an impedance value. 
[0354] As mentioned above, although the example over the basic form of drawing 
61 (A) was shown, even if much unit sections of this increase in the center 
section, it has the same effectiveness. 

[0355] [Example 13] Drawing 63 is the surface acoustic wave filter 260 which 
becomes the 13th example of this invention. 

[0356] This surface acoustic wave filter is based on the configuration approach 
shown in drawing 61 (B). 

[0357] This surface acoustic wave filter 260 brings about the same loss reduction 



effectiveness as what was shown by the line 251 of drawing 54 . 

[0358] [Example 14] Drawing 64 is the surface acoustic wave filter 270 which 

becomes the 14th example of this invention. 

[0359] This surface acoustic wave filter is based on the configuration approach 
shown in drawing 61 (C). 

[0360] The same loss reduction effectiveness as what also showed this surface 
acoustic wave filter 270 by the line 251 of drawing 54 is brought about. 
[0361] [Example 15] The surface acoustic wave filter which becomes the 15th 
example of this invention next is explained with reference to drawing 65 , drawing 
66 , etc. 

[0362] ** Explain the outline of this example first after [ expedient J that an 
example explains [ outline ]. 

[0363] As a cause of having determined the insertion loss in a passband, paying 
attention to a part for a resisted part of the Kushigata electrode, and conductance, 
this example decreases a resisted part to the resonator of in-line arrangement, 
and reduces the insertion loss of the filter shape when constructing these in a 
ladder mold by making the amount of conductance decrease to the resonator of 
a juxtaposition arm. 

[0364] Next, the background of this invention etc. is explained. 

[0365] ** The basic configuration of the ladder type filter circuit which has 

arranged two surface acoustic wave resonators with which resonance frequency 

(frs, frp) differs, respectively is shown in a serial arm and a juxtaposition arm at 

i 

background drawing 65 of this invention. 

[0366] Here, it is the admittance of a juxtaposition arm resonator. Yp = g + j-b - 
(26) 

g: Conductance part b : consider as a part for a susceptance. 

[0367] Moreover, impedance of a serial arm resonator Zs = r + j-x - (27) 

r: A resisted part x : consider as a part for a reactance. 

[0368] Thus, if it assumes, the frequency characteristics of g, b, and rx will 

become like drawing 69 . 



[0369] Admittance Yp of a juxtaposition arm resonator The susceptance part b 
(dotted line in drawing 69 ) is resonance frequency frp. Maximum is taken, a sign 
is changed from + to - there, and it is antiresonant frequency fap. It is set to 0 
(zero) and is fap. Above, a sign becomes + again and increases little by little. 
[0370] On the other hand, it is Yp. The conductance part g (alternate long and 
short dash line in drawing 69 ) is fap similarly. Maximum is taken and it is fap. If it 
exceeds, it decreases rapidly and **** is approached 0. 
[0371] In addition, the conductance part g takes only the value of +. 
[0372] A part for the impedance Zs of a serial arm resonator It is contrary to 
admittance and a part for Reactance x (continuous line in drawing 69 ) is 
resonance frequency frs. It is set to 0 and is antiresonant frequency fas. 
Maximum is taken, a sign is further changed from + to -, and it is fas. Above, 0 is 
approached from the 1 side. 

[0373] Moreover, the resistance part r increases from 0 gradually, and is 
antiresonant frequency fas. Maximum is taken and it decreases gradually more 
than by it. 

[0374] r as well as g takes only the value of +. 

[0375] Here, in order to make a filter shape, it is the antiresonant frequency fap of 
said parallel resonance machine. Resonance frequency frs of a series resonance 
machine It is conditions that abbreviation coincidence or the latter is a little large. 
[0376] According to the upper impedance and the frequency characteristics of 
admittance, the passage property as a filter circuit is shown in the lower part of 
drawing 69 . 

[0377] fap **frs A passband is taken in near and it becomes a decay area except 
[ its ]. 

[0378] It is a passband, especially b and x are set to 0 near the center frequency 
so that clearly also from this drawing. 

[0379] Therefore, the passage property as a filter is decided only by r and g, and 
S21 is [0380]. 
[Equation 24] 



1 0 0 

S 2 .= -(28) 

1 00+r+50r • g+ 2 5 0 Og 



[0381] It becomes. 

[0382] Since it is r> 0 and g> 0 in ****, S21 becomes smaller than 1 and the 
insertion loss expressed with 20 log|S21| also increases, so that (28) types 
increase r and g. 

[0383] Therefore, an insertion loss will be small, so that both r and g are close to 
0. 

[0384] Next, it explains whether r and g are produced from a part like the 
Kushigata electrode throat which forms a surface acoustic wave resonator. 
[0385] At ****, it is the inside of drawing 3 (B), and r1 . It takes into consideration 
and thinks. 

[0386] r1 What expressed a part for a bulk wave, ****, and the leaking energy 
loss as a part for acoustic resistance inside the substrate from each edge of the 
part for electric resistance and the Kushigata electrode finger of the Kushigata 
electrode is totaled. 

[0387] A resisted part by now and bulk wave radiation is the electric resistance r1 
of the Kushigata electrode, in order to be hardly dependent on the configuration 
of the Kushigata electrode. It is proportional. 

[0388] Near the center frequency of x= 0, it is r=r1 especially. It becomes. 
[0389] Moreover, the conductance part g of the admittance of a juxtaposition arm 
resonator is the conductance 1 of the electric resistance of the Kushigata 
electrode / r1 . It is proportional. 

[0390] Now, width of face of rhoo and an electrode finger is set to W, thickness is 
set to t for the resistivity of the electrode finger of the Kushigata electrode, and it 
is Ns about Is and a logarithm in the opening length of a serial arm resonator. If it 
carries out r=ls and rhoo/(Ns and W-t) - (29) 
It becomes. 

[0391] Moreover, it is Np about Ip and a logarithm in the opening length of a 
juxtaposition arm resonator. Since rhoo, W, and t are almost equal when it 



carries out, and using the same substrate and the same metal membrane g=Np 
and W.t/(lp and rhoo) - (30) 
It becomes. 

[0392] Therefore, increment in the insertion loss in (28) types r+50 r-g+2500g =ls 
and rhoo / (Ns and W-t) +50 -(ls/lp)- (Np/Ns) 
+ 2500, Np, and W.t/(lp and rhoo) - (31) 
It becomes. 

[0393] (31) From a formula, a serial arm resonator is the opening length Is. It is 
short and is Logarithm Ns. A parallel resonance machine is the opening length Ip, 
so that many. It is long and is number Np of pairs. It turns out that effectiveness 
is in loss reduction, so that it is few. Especially, opening length has the one 
further effective [ as for a logarithm / of the direction with more serial arm 
resonator than a juxtaposition arm resonator ] in other words where the serial 
arm resonator is shorter than a juxtaposition arm resonator, so that it is ls/lp <1 
and Np/Ns <1. 

[0394] Here, this reason is explained. 

[0395] Since it is r=rs, and (rs : electric resistance of a serial arm resonator) g= 
1/rp in the above-mentioned (31) formula (rp : electric resistance of a 
juxtaposition arm) r=50 r-g+2500 g=rs +50 (rs/rp)+2500 (1/rp) 
It becomes, therefore < (rs/rp) - 1 , i.e., rs <rp, it is - if - increase of an 
insertion loss can be controlled. 

[0396] In addition, it is Is in this case. If it narrows too much not much, loss by the 
diffraction of a surface wave will appear, and it is Ip conversely. Since Q fall of 
the parallel resonance machine by resistance increase will be caused and 
whenever [ by the side of low frequency / out of band oppression ] will worsen if it 
lengthens too much, there is a limit in that magnitude. 

[0397] It is [ arm / serial ] tp in ts and the juxtaposition arm about the thickness of 
the metal membrane which furthermore forms the Kushigata electrode. (31) 
types are as follows when it carries out. 
[0398] 



r+50 r-g+2500g =ls and rhoo / (Ns and W-t) +50 -(ls/lp)- (Np/Ns) 
(tp/ts)+2500, Np, and W-tp/(lp and rhoo) (32) 
Therefore, tp/ts Loss can be similarly reduced by carrying out. 
[0399] In addition, although it is also possible to arrange the resonator which 
consists of two kinds of metal membranes from which resistivity differs (rhoos, 
rhoop) on a serial arm and a juxtaposition arm, to make a filter, and to be 
referred to as rho os/rho op<1, when actually building a component, it is not 
practical if mass-production nature etc. is taken into consideration. 
[0400] ** Explain the example which adopted the configuration, next the above- 
mentioned view of an example 15. 

[0401] Drawing 65 shows the circuitry of the surface acoustic wave filter 280 of 
the 15th example of this invention. 

[0402] Drawing 66 shows the structure which materialized the circuitry of drawing 
65. 

[0403] the used piezo-electric substrate 241 - 36 degreeY cut XLiTa03 it is - an 
electrode material is 3000A aluminum film. 

[0404] Conventionally, the serial arm and the juxtaposition arm made Is 
=45micrometer, the Ns =200 pair, and the juxtaposition arm Ip =180micrometer 
and Np =50 pair for the serial arm by this example to being Np =Ns =100 pair 
opening length Is =lp =90micrometer of the Kushigata electrode, and the number 
of pairs. Ip >ls it is - Ns >Np it is . Moreover, it is ls/lp =0.25 and Np/Ns =0.25. 
[0405] Electrostatic capacity CO of the Kushigata electrode geometrically 
decided by the product of a logarithm and opening length at this time It was 
made not to change. 

[0406] The continuous line 281 of drawing 66 is the property of this example, and 
a broken line 282 is the property of the conventional example. In the former, that 
whose loss was 2.5dB was set to 2.0dB by this example, and has improved 
0.5dB or more by this example. That is, the insertion loss of a filter has been 
improved no less than 25% by dB conversion. 

[0407] Moreover, in the case of this example, by having increased the logarithm 



of a serial arm resonator, power-proof nature also improved and the maximum 
electric power which can be impressed improved 20%. 
[0408] Since in the case of the above example diffraction loss begins to have 
appeared less than [ Is =30micrometer ] and degradation out of band by the side 
of low frequency began to have taken place more than by Ip =300micrometer, 
these values were limits. 

[0409] As mentioned above, it is distinct that the insertion loss of a passband is 
improved by what the electric resistance of a serial arm is lowered and the 
electric resistance of a juxtaposition arm is raised for (a KONDAKUTO wardrobe 
is lowered). 

[0410] Moreover, it can also consider as the configuration which made thickness 
of a juxtaposition arm resonator thinner than the thickness of a serial arm 
resonator. 

[041 1] Also by this configuration, loss of a passband as well as the case of the 

above-mentioned example can be lessened. 

[0412] 

[Effect of the Invention] According to invention of claim 1 , compared with the 
conventional thing, whenever [ passband external suppression ] can be raised to 
the appearance explained above, moreover, pass band width can be extended to 
it, and loss can be further made low at it. 

[0413] According to invention, whenever [ passband external suppression ] can 
be raised to claim 2, without narrowing pass band width in any way compared 
with invention of claim 1 . 

[0414] According to invention of claim 3, whenever [ passband external 
suppression ] can be raised, without narrowing pass band width in any way 
compared with invention of claim 1 . And loss degradation can be lessened 
compared with invention of claim 2. 

[0415] According to invention of claim 4, compared with the conventional thing, 
whenever [ passband external suppression ] can be raised, moreover, pass band 
width can be extended, and loss can be further made low. 



[0416] According to invention of claim 5, an attenuation pole can newly be 
formed in a desired frequency domain, and the frequency domain of this part can 
be made into an inhibition zone. Moreover, whenever [ passband external 
suppression ] can be raised, without narrowing pass band width in any way 
compared with invention of claim 1 . 

[0417] According to invention of claim 6, compared with invention of claim 1, loss 
of a passband can be reduced and, moreover, a ripple can be stopped small. 
[0418] According to invention of claim 7, compared with invention of claim 1, loss 
of a passband can be reduced and, moreover, a ripple can be stopped small. 
[0419] According to claim 8 or invention of 9, the ripple which had appeared in 
the passband can be lost. 

[0420] According to invention of claims 10, 11, and 12, the inductance added to 
the 1st resonator can be formed easily. 

[0421] According to claim 13 thru/or invention of 17, pass band width can be 
expanded compared with the conventional thing, without spoiling both loss of 
whenever [ passband external suppression ], and a passband. 
[0422] According to claim 18 thru/or invention of 30, compared with the 
conventional thing, pass band width can be extended and loss of a passband can 
be made small. 

[0423] According to invention claim 31 thru/or given in 33 terms, loss of a 
passband can be lessened, without spoiling whenever [ passband external 
suppression ], and pass band width in any way compared with the conventional 
thing. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the principle Fig. of the surface acoustic wave filter of this 
invention. 

[Drawing 2] It is drawing showing the basic configuration of the filter circuit using 
a resonator. 

[Drawing 3] It is drawing showing the structure and the equal circuit of a 1 
terminal-pair surface acoustic wave resonator, and its notation. 
[Drawing 4] It is drawing showing the impedance of a 1 terminal-pair surface 
acoustic wave resonator, and the frequency characteristics of admittance. 
[Drawing 5] It is drawing showing the filter shape of the filter of drawing 1 which 
comes to connect the IMMI wardrobe property of a surface acoustic wave 
resonator and them. [ / near the resonance frequency ] 

[Drawing 6] It is drawing explaining the conventional surface acoustic wave filter 
of drawing 42 . 

[Drawing 7] It is drawing showing the effectiveness at the time of adding an 
inductance to a serial in a resonator. 

[Drawing 8] It is drawing showing the effectiveness at the time of connecting a 1 
terminal-pair surface acoustic wave resonator to n serials. 
[Drawing 9] It is drawing showing the opening length dependency of the passage 
property of a juxtaposition arm resonator. 

[Drawing 10] It is drawing showing the opening length dependency of the 
passage property of a serial arm resonator. 

[Drawing 1 1] It is the circuit diagram of the 1st example of the surface acoustic 



wave filter of this invention. 

[Drawing 12] It is drawing showing the passage property of the filter of drawing 
11 . 

[Drawing 13] It is drawing showing the effectiveness of the inductance addition to 
a juxtaposition arm resonator. 

[Drawing 14] It is the top view showing the structure of the surface acoustic wave 
filter of drawing 1 1 where the lid is removed. 

[Drawing 15] It is the sectional view which meets a XV-XV line among drawing 
41 . 

[Drawing 16] It is drawing showing the 2nd example of the surface acoustic wave 
filter of this invention. 

[Drawing 17] It is drawing showing the passage property of the filter of drawing 
16. 

[Drawing 18] It is drawing showing the enhancement effect of the ratio (AP/AS) of 
the opening length (AP) of a juxtaposition arm resonator, and the opening length 
(AS) of a serial arm resonator. 

[Drawing 19] It is drawing showing the 3rd example of the surface acoustic wave 
filter of this invention. 

[Drawing 20] It is drawing showing the passage property of the filter of drawing 
19. 

[Drawing 21] It is drawing showing the 4th example of the surface acoustic wave 
filter of this invention. 

[Drawing 22] It is drawing showing the passage property of the filter of drawing 
21 . 

[Drawing 23] It is drawing showing the 5th example of the surface acoustic wave 
filter of this invention. 

[Drawing 24] It is drawing showing the passage property of the filter of drawing 
23. 

[Drawing 25] It is the circuit diagram of the 6th example of the surface acoustic 
wave filter of this invention. 



[Drawing 26] It is drawing showing the 1st 1 terminal-pair elastic surface 
resonator among drawing 25 . 

[Drawing 27] It is drawing showing the passage property of the filter of drawing 
25. 

[Drawing 28] It is drawing showing the effect on the ripple width of face by beta of 
reflector installation location d=(n+beta) -lambda. 

[Drawing 29] It is the top view showing the structure of the surface acoustic wave 
filter of drawing 25 where the lid is removed. 

[Drawing 30] It is drawing showing the modification of 1 of the 1st 1 terminal-pair 
surface acoustic wave resonator in drawing 25 . 

[Drawing 31] It is drawing showing another modification of the 1st 1 terminal-pair 
surface acoustic wave resonator in drawing 25 . 

[Drawing 32] It is drawing showing the 7th example of the surface acoustic wave 
filter of this invention. 

[Drawing 33] It is drawing showing the effectiveness to the ripple generating 
location of electrode layer thickness (t). 

[Drawing 34] It is drawing showing a condition when the ripple (rP) by the 
reflector of a juxtaposition arm resonator falls to a RF attenuation pole. 
[Drawing 35] It is drawing showing the thickness dependency of the passage 
property of a resonator mold filter. 

[Drawing 36] It is drawing showing the result of an experiment of an insertion loss 

and the thickness dependency of a ripple generating location. 

[Drawing 37] It is drawing showing the 1st 1 terminal-pair surface acoustic wave 

resonator of the 8th example of the surface acoustic wave filter of this invention. 

[Drawing 38] It is drawing showing the passage property of the surface acoustic 

wave filter which applied the resonator of drawing 37 . 

[Drawing 39] It is drawing showing the modification of the 1st 1 terminal-pair 

surface acoustic wave resonator of the 8th example of the surface acoustic wave 

filter of this invention. 

[Drawing 40] It is drawing showing another example which realizes the 



inductance of the surface acoustic wave filter of drawing 1 1 . 
[Drawing 41] It is drawing showing still more nearly another example which 
realizes the inductance of the surface acoustic wave filter of drawing 1 1 . 
[Drawing 42] It is the circuit diagram of the 1 1th example of the surface acoustic 
wave filter of this invention. 

[Drawing 43] It is drawing showing the configuration which materialized the circuit 
of drawing 42 . 

[Drawing 44] fap <frp It is drawing showing the IMMI wardrobe property of the 
surface acoustic wave resonator when carrying out. 
[Drawing 45] deltaf**frs-fap It is drawing explaining change of the passage 
property of the ladder type filter at the time of making it increase from zero. 
[Drawing 46] It is drawing explaining the property measuring method of a surface 
acoustic wave resonator. 

[Drawing 47] It is drawing showing the admittance of each surface acoustic wave 
resonator of a juxtaposition arm and a serial arm, and the property of an 
impedance. 

[Drawing 48] It is drawing showing frequency dependent [ of bx product ]. 
[Drawing 49] It is drawing which expressed a part of circuit of drawing 42 in the 
equal circuit of L and C. 

[Drawing 50] | bxmax | and deltaf/frs It is drawing showing relation. 
[Drawing 51] k2 It is drawing showing relation with gamma. 
[Drawing 52] It is the circuit diagram of the 12th example of the surface acoustic 
wave filter of this invention. 

[Drawing 53] It is drawing showing the configuration which materialized the circuit 
of drawing 52 . 

[Drawing 54] It is drawing showing the property of the surface acoustic wave filter 
of drawing 53 . 

[Drawing 55] The inside of the filter of drawing 63 , and output side Yp It is 

drawing showing the property at the time of making it decrease. 

[Drawing 56] It is the circuit diagram of the unit section which used the surface 



acoustic wave resonator per piece as the ladder mold. 

[Drawing 57] It is the circuit diagram of a circuit which comes to connect the unit 
section of drawing 56 with multistage (n steps). 

[Drawing 58] It is drawing showing connection and the boundary of two 4 terminal 
circuits. 

[Drawing 59] It is drawing showing junction of the unit sections. 

[Drawing 60] It is drawing explaining how to connect the unit section to n (> 2) 

stage. 

[Drawing 61] It is drawing explaining the configuration approach of the ladder 
mold circuit of this example. 

[Drawing 62] It is the circuit diagram of the conventional surface acoustic wave 
filter. 

[Drawing 63] It is the circuit diagram of the 13th example of the surface acoustic 
wave filter of this invention. 

[Drawing 64] It is the circuit diagram of the 14th example of the surface acoustic 
wave filter of this invention. 

[Drawing 65] It is the circuit diagram of the 15th example of the surface acoustic 
wave filter of this invention. 

[Drawing 66] It is drawing showing the configuration which materialized the circuit 
of drawing 65 . 

[Drawing 67] It is drawing showing the property of the filter of drawing 66 . 
[Drawing 68] It is drawing showing the ladder type filter circuit which has 
arranged the surface acoustic wave resonator with which resonance frequency 
differs on a juxtaposition arm and a serial arm. 

[Drawing 69] It is drawing in which making the frequency characteristics of the 
admittance (Yp) of a juxtaposition arm resonator, and the frequency 
characteristics of the impedance (Zs) of a serial arm resonator correspond, and 
showing them. 

[Drawing 70] It is drawing showing one example of the conventional surface 
acoustic wave filter. 



[Drawing 71] It is drawing showing the passage property of the filter of drawing 
70. 

[Description of Notations] 

60, 90, 100, 110, 120, 130, 240, 250,260,270,280 Surface acoustic wave filter 
80,150 Surface acoustic wave filter equipment 

81 Ceramic Package 

82 Filter Chip 

83 Lid 

84- 1 to 85-6 Electrode terminal 

85- 1 to 85-5 Terminal 

86- 1 to 86-5 Bonding wire 
124,125 Attenuation pole 
127 Inhibition Zone 
131,201,211 Excitation electrode 

132, 133, 160, 161, 166, 167, 202, 203,212,213,242 Reflector 

220,221,230,231 Microstrip line 

241 36"Y Cut X Propagation LiTa03 Substrate (Chip) 

Rs1 , Rs2 Serial arm resonator 

Rpl -Rp3 Juxtaposition arm resonator 

[Translation done.] 
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[SM2 5] filf)t©*«raSS: (frplfclTrsStil 

»tt£»ij&ft (frs)£fc^SS2©-S^*r#tt3tffii£ 
ttSUSiftaincttttU cn£MJiJBS6©#fg8£ia?iJ 

psMBj©it^ji«#jgs©5S^te< t%-j3om&m 

SISO-T >e-^>7.^*aj: 0 l*9«J©iE?iJIR#JB8 
©-T >tf-^>7.J;0/jN$^ (06 4) tilPSiLfcCi 

[m&m 2 6 ] m$m 2 5 <Dmmn-m<om.nu^ma 
© 5 *>4>& < t fe-^wEjijw^sg©^ > e-y>^ 

jWE-ftJ; 0 rtffiiJ©S?iJB)6&lg8©'r > K-^>X©*# 
T»* (0 6 4) «i«iLfcCfcftW«i:T«#tt*iE 



(4) 4#M¥ 5- 1 8 3 3 8 0 

[|§*«2 7] 13^1 8, 2 0, 2 1. 2 5X«2 
6©^tt*ffiffic7^;P^H*3^T, 

gnfflj©ffl5iM*igi§©-f >tr-^>x^. ^niort 
tote. 

(05 3) »«tUfcCtfe1»*fr*#tt*ffi*7-< 

10 )l"?o 

[I§#Jg2 8] m#mi8, 2 0, 2 1, 2 5X13:2 
6©^tt^ESt7^;U^»c43^T, 
*n«0«5!lllil*«»0'f >tf-^>^?£, ^-nj;0rt 

«>fc. • • • • • 

20 [ff*S2 9] Sf^l 9, 2 0. 2 2, 2 3XIJ2 

4 ©#tt«ffii£7 4 IZ&^T. 
SnWl©M^J*MiS©r K5^>X€r, -tn«tOrtfiiJ© 
MJ*JI»e#lg8©7 h*5^>X<fc0. ratal:. 

©«•?&«&£ 5 ^n«fc9rtffliJ©M?iJ 
^^©I^^^^S^S^m^fiiOfc'h^ < Ufe (0 

5 3) M«Eti;fcCt**ItT5!|itt«B*7^;i' 
9. 

C!S#JS3 0] §g#3gl9. 2 0, 2 2, 2 3XIJ2 
30 4<DW&.m.W®.7 4 )\>?\Z&^X. 

M^ij»S^li8©7 K5^>7,J:0, /hS<-T*fc«>^. 
«n«©3£?iJ»a*«S<i: 1^ i;»m^fi$r fc^?*^^^ 
Sfc<lM^Jlc^^Ufcfe©i&. -t-nj:0l^ffliJ©M?nJB5tcE 
^Lfc (0 6 3) «^tbfcClt&!t*aSfrs^-7^§iiS 

Cig^3 1] ' ijroAfiMftR (frp)SrWrsmi 
©-^^#tt^®iS*SSSM5iJ»8l3. R^ 1 ©*S 
§§©R#fiHifc& (fap)fCBS-Si:T^.A^b<(i«fct3^: 
40 #^SMttft (frs)*fcom2©-«8T»3»tt^ffi«E 

[Z&^^T, 

©m^Jgfit^ (rs) ^® 1 ©-$T*f$ttiS[Bi&# 
lgigS:JBBET-5#SSffi©SMSir[» (rp) J:0fc/hS 

t Lit c t &tt«tr«Wtt*B*7 w 

[i§*^3 2] f§*^3 1 ©aSS§2©-K^*t?iM4S 
ffift*Jiig*»^-rs«S^«ffi©Sa«fit» (rs) Sr, 

50 ©m^ffita^ (rp) J: 9 -S^ifctt. K^2© 



7 

(Is) 1 tt3?ffifc#ygg§£titi#Tr 

^>fflS^m@OB8Pfi (Ip) «fc0t>JS<U I£Sf§2 

(Ns) A*. &SI 1 (O-SSH 1 14SffiiS!#!gg§£*8J5£-r 

(Np) =fcofc^<b^ (E6 6) mm 

3 3 ] tt$a 3 1 <D&S§ 2 0>-«T*l#tt* 

iBik^mcMr««m«o!>«Aicttj!)' (rs) 

OSmSta^W (rp) J:»}t>/h*<r*#Rtt. tt* 1 
JgSffiOBiJ?*. ISIS 2 CD-SS^F ##14^ffii£#JSg§IW 

[3£9f©i¥iifflftlftfi] 
[0 0 0 1 ] 

«»©rf (i^^ffigs) g>7 j n,*\zmmis3*»?& 

[0 0 0 2] ; gH£<OHl*9©g»i* • flS^Sfsrott&cD 1 
W\*> 9 3.3, 5MHz£ft'tlT. ±8. 5MHz 

CO 0;P 3]:!#tt*ffi«:7<<;^*^i±IB©tt«Sif»fcT 
J:3ft^*ttT**^:iat&H■TNfc^). *#Wt»4. 09 

: 5~2 dBKTti^ut. <3>«DEEffiA*2 0 d B 
~3 0dB«±tiSHCt*^St$n-5. 
[0 0 0 4] COS*«:Sifc-rfc«). 

[0 0 0 5] 

[ft*<D$$ffi] 07OB, 4f B3flg5 2- 1 9 04 4^(; 

r. 

[0 0 0 6] C©7-f^llt iS^JiS 2 ll^tt^ffiift 
&S8 3&GBU ttana4C9&*SSAX«5«E 
ei/. fi.-3M?"JI»4©*fiS5(D^tfM?iJ$SCo8S:iS 
yiJBfc 2 CD#il8§ 3 ©tSffi&Jijsgg Coa =fc 0^tl/fc«fS 

[0 0 0 7] 4 )V9 Ei 7 1 6 TtpT^f 

[0 0 0 8] 



15) #B8¥5- 1 8 3 3 8 0 

u c^ficoe'&ja^-r.t. ^Hi8x-^rj:^(c:jiji 

A. OT-ST*D<fCftoTL£?. 
[0 0 0 9] ffl>JEg£2 0 dBEJUt£L«fc3trS£. 

±E©a»*«#fMs©tt«s«fcrct*«T*ft<ft 
/o [ooio] fct. *fswtt, a»*«««iz:< U 

ttEES**<U B.-ofc*z&1&< L1tfHi&W1Si7 4 )V 
[0011] 

[ssjS£*s?*-f -sfcfero^g:] 0 1 fi*f89!©Wtt*® 

St^w;^ 2 0©SCS«$Ji££;^-r. 
[0012] 2 Kim 1 ©-MMttatffijfeJWST* 

o, 0%<z>#jm&&c f r.stu m^j»62 2 celt 

[0013] ©— *rp#tt«BB*#«»T» 

20 0. SI OT#jgg§ 2 1 (OE^MttR f „ fc*-ST* 
*i«*ftfii*tU Et?U»i2 4CB1/TJ64. 
[0 0 14] 2 5fi-f>y ! >^>7-!?S l »). HOWS 

-So 

[0 0 15] 

±IBMSfCO^T(4, *&$?<OWimWtWiZb& 
J0 [0 0 16] ajREttflt^^ttttSjSTrt^**** 

[0 0 17] KT^nSrSI^LTlIS*^^?). 

[0 0 18] 7* JW'tttt&^TS^WftamHEIKfc 

ttSffiSi*SS3 0, 3 1T»5. 

[0019] *t, ®.woffimto>*L#>. &&&&&&& 

yj|ftcD#igg& 3 0©-f >tf-^>X$:Z= j x, M?1JW 
<0#JI§g3 l©7Hi^>X5Y=j bits. 
[0 0 2 0] -f*-S>/t?X-*ttCJ:*ltf. A^ffiiim 

be • «**-tn-? ! nvi . ii , ffi7j«pj£v 2 , h t 

■tZt (0 2#I) . 
[0 0 2 1] 
[ft 5] 



exp (7) = /71 • ■ l 2 ) — CI) 



-5- 



(6) 



[0 0 2 2] Tfi«Sn*-f /-5>eS»r («*») * [0 0 2 3] 

1fi* MSft*Wc£»0. RP%, * [ft 6] 

tanh (r) = tanh (a+ j 5) 



5-183380 



10 



[0 0 2 4] (D^fc43^T, dOSCTasn^fi^jfi* 
T*n«@2<7)-tt^@K^ttffija4#tt«r^L, ^ 
ftT*fttf«*4»tt*«T. Hyll^ A, B, C, DCO 

[0 0 2 5] 



70 



tanh ( r) = Vb x/ 



= i 

B=j x 
C= j b 
D=l-bx 

a^T, (2) 

[0 0 2 6] 
[ft7] 



TT 



(2) 



- (3) 



(4) 



[0 0 2 7] (4) ^ctO, 0<bx<L EP*> b t x 
^Hff^T/hSttftC!)*, H2<Z)Isia^»ttjfiiai*ttSr 
bx<0*fcttbx>l(DRf, BPftbtxaiRflF 

[0 0 2 8] c CT* 6l:b xO«*R*ttftJ6ttW 20 

[ 0 0 2 9 ] -»^»9Pfi:«ffl«#«BttB 3 (A) tC 
hD^7Bl 9 7 6fll^2 90t©P. 76- 

P. 9 8\z%zm . 

[0 0 3 0] 4 1 4 2aRDft (2fc« 

i|S) , 4 3te«»««fflJBT»S. 

[0031] z<Dmmnm\zt&Vift$:mviTz>£--&\z 
13 (b) rc«sn*j:'5ft»«0B4 strasn*. j<? 

ftT*-5o 

[0 0 3 2] £C£>^ffi5[E]B4 5£, £TF* 13 3 (C) {3 
3RTE#4 6T*trfo 
[0 0 3 3] 04 (A) (B) tt**W«S*B3 

(b) <Dct5tt»ffiigBT*ixfc«fO-f >hr-^>^a 

[0 0 3 4] nH©1*tttt**^J:S*«»tW«^2 
^IMiStf r, f at^2t*l»l tfcftft, ★ 
f r = 1 /2 • TT 7 Cm XL, 



f a = f r • Vll + l/ r) 
r =0 0/0, : §itt 



★ ::Tfr «r£jRffittft. f a £K£Mttft£ff<R. 

cocfc 5 & 2 tftmnt^^Httnfntm 

JfctfStWKlHEftU. 3&£ttMN®JE#lMftftf a 
p «iK9M0&JKMttft f r s lcB-S£i*£<h, 

le]B£«ljSTt*3<> -*<OS*HU 0 5 (A) 0>>r>5* 
>^CD^«ft#it<D0{Ct>^L^:<fc'5^, fap=fr 
sT*-6*^H«»iS«Ttt, 0<bx<lrtWc2n 
ttifi©ftfl=A^6aii«t*0, +-Ml*fta*&*UMa 
fcW*i«Tttbx>l, W<lhtWTUbx 

[00 3 si ffioT, 01 tc^rm^o^tt^®is^>< 

05 (B) 4>i4 7T^t7^^Hlt^ 
[0 0 3 6] [il2S««*Si*SSB3] C<D«fc-5& 

[0 0 3 7] H5^&t>»^±5f:/o H«tt*»;:* 
n**l©*M^*H"**«B«* f rtS«W«R 

So ::Tfr, fa«B3 (B) O^<ffi0]£&&£{!li 

[0 0 3 8] 
[R8] 

1 »- (5) 

-.. (6) 
- (7) 



[0 0 3 9] Jt=»«« (A f / f 0 tt) ^jfefC fr, f 
a©JS**S**-3TL*3fc», (6) , (7) 5t£<£ 

[0 0 4 0] 

Af/fo = 2 (fa-f r) / (fa+fr) 
= 2/ (4 r+ 1) - (8) 



±a*6W6*ftJ:5l:r (*«Jt) *«tt*«*tft* 
SMttHTt&ft. L^U C<Offltt4*BBBB5 2- 1 
9 0 4 4f ii«i:feEtsnt^*±5l:, 

Atf4t»©«*««B^ffft^/jNSttST*y KTkST 



-6- 



// 

»***€r&3 6° Yc u t -xfctBL iTaOa T«, 
rlll5tt©il:4S. tt**S« (8) 5£cfc9, ST 
*^h*fiTttO. 04%, 3 6° Yc u t -XfiflgL 

iTaOs Ttt3. 3XtW. $EoT, 
*n»«S*Btt««»S IT L * -5 o 

[004 1]fLT, #tttt»JEflE**»*fc*, 
B35 2- 1 9 0 4 4*llB«**lT^4«fc'5t, 

[0 0^4 2] cn^!36^ffioTI¥U<^^T^o ttifi 
©E31BlW*^t)W6*^cC«fc'5^at^J*«Sa) f r <h f 
a*HfiUfc***- 7 LTH< t 

*<LW<) , B6 (A) fc5RTcfc3fc*«*m4b 

*«. +*««*oa»Tttbx«^jET«JlJr*fc»b 
x>l(0«««n£#O, tt*tLTO<bx<l*45ii 

6 (B) ^CD^QlT^To 

[0043] ms*MtMG>ikm k±o> * 

<Z)*«»*» , a- , 6 6^-r<Jtc<i:t)-*a)*«»«)f rt 
f a tOftfeJClf. 3^0©*©>f >K— ^>Xft«K 
«7 H5^>^«ft**<T*t^5 2^0&fr£#f*: 

[0 0 44] ©cD&#T£>5#ig8<£> f r, fa 

£ e 07 (A) , (B) ^-*^»#tt*Btt*«SBlr 
B?ll:Lil/T8nHS88LfclS(D^ >e-^>X& 

[0 0 4 5] B7 (A) »50tt, L Sr#ftrr*fi9 

[0 0 4 6] 0 7 (B) . 16 5 2ttL*ttinT5ffitD7 
K^^>Xl$Mit B 85 3H L*#10Lfc«©7 

[0 0 4 7 ] 07 (A) iO, L&ftttT^eit^cto 
Tf rifa«i£^Tl^:<hW§ 9 CCD 

(A) ©<>K--y>^©«**1»tt*6W6^ttJ:5 
r#f r' ^t&itls fritter comfamzt 



(7) #^¥5 - 1 8 3 3 8 0 

12 

hEmfrt*^* -f >t!-^>X<B»RT»*7F**> 
XfeWi;aft^6IPIH (A) KSTJ^lrgfcT*. - 
<0«^t>, f r*«f r' A.tlftl/TWit^HI: 

[0 0 4 8] ^tC©<Dftft=T»*^ 7 K**>*ffitt 
07 (B) A^&t>W6^(0«J:5»CL*ftlin"r'5^tT* 

(A) H^fJ: -5 fc»«*VTttat/h* < ftoTH*. 
air * C <h Id J: o 

[0 0 4 9] 08*. 85 511 -^<7>#®8<ZM >tf 
-^*ttt*t. «5 6H nfl<Z)£«8&iK?!lf;: 

[0 0 5 0] B8l:jSt«k5^ nffl<D#JB8S:»fi!rr 

So -Jfatf rO»:^TIt L£JR^/£PS<D# 

a £ f rOili*S<tn-5. t> L#KT»ntf L0>« 
€r«^-rc:tH<t0 f at f r G>*ttS 

So 

[0 0 5 1] fflia«r«iH«:lt*TS2 0B©^at L 
T> H4 4tC^T«k"5J3MMI»*fi»OR*««»»fa 

frs >fap tt^S^^btl^o 

[0 0 5 2] {11, frs >fap tLtz®&. 04 4Kt> 
^TJ:'5tC*iD«ift*ifi»Tbx<0i:a:oT, «95£© 

[0 0 5 3] l^l>, frs -fap =A f tLTA f 

[0054] miaAKM 1 1 tsbst*. 

[0 0 5 5] 

[0 0 5 6] 0 3 (B) fc5RLfc»fiBKtt-*TJ»W 
#«B€:ttrtT*ltm*«<0»R. MPS, SSSI 

«T#i*SJfl^ *«B^**Ufe (0. Ikata et al. :1 
50 990 ULTRASONIC SYMPOSIUM Proceedings, vol. 1. pp83-8 
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6, (1990). ^n^XSR (1) <hT£o ) . 

[ 0 0 5 7 ] H 9 " ( A) ttSfc*JRK:-«T»5*tt*flBtt 

To 

[0058] 0 9 (B) H ffliMZ* tm&A 1 - 2 

tf)#>x^ >2"7"f -V (L=l. 5nH) Sr«ttUfc» 

[0 0 5 9] 139 (A) , (B) tit*T*te. MPS 
*fbfc«fc*#«& (H* f n . f r 2 , f ra T^U 
fc> ©»e^*«jiStifi»T©«W«»COl»T, MM* 
«■*«*«*< LT^ftC 

[0 0 6 0] 010 (A) (1 K^imzAMtrEL^ 

>al/-ya>TH -ecOf?)S^fitLT, 0. 5pF 

[0 0 6 1] 010 (B) 11 MNCAHtKKL 

[0062] 010 (A) , (B) £ft$$rt<£>JC> R* 
MttRfai , f a 2 . f a 3 MinftKftSFUttH 

[0 0 6 3] fi£oT, Cne&3ffl^^-&fc9$C07>f ;p 

(D^fi&Mtei/^ zi. is— is a >Tfro£l 0 

[0 0 6 4] C^ifi^J UBllIt 1 
«fcft*»tt«ffi»:7 *T ^ 6 0 £^To 
[0 0 6 5] affi, BBl*ja)a«i»-«*«B(Ott«©/j: 
9 3 3. 5MHz*ft>B» 
&<hLT, ±8. 5 MH z OttH/TOMMoaAfftt 
5 5MHzfiinfc8 7 8. 5MHz£* 
fc«*fttlT, ±8. 5MHz(D«i^SM«t^ 

[0 0 6 6] *£JG0jtt. ±eo»im0)8ffM7^ 

[0 0 6 7] ftam 6 1 »#ttaffitt#«BR 

[0 0 6 8]f«6 2, 6 3, 64K**-«f»f 
tt^®}g*«ggRi , R 3 , Rs WJI/T46. 

[0 0 6 9] Li , L 2 , La tt<>^^>XT* 
0, **#*I§SRi , R 3 , Rs t«ttUTStW»6 

2, 6 3, 6 4l;ELT*^ 

[0 0 7 0] MSRi -Rs tt, 03 (A) \Z^T» 

[0 0 7 1 ] #RMtl 0 0, liBnilte 8 0 Mn-rC&So 
[0 0 7 2] A 1 -2%CuT£>9, St/Pte 

3, OOOAT^^o 



(8) #ffi¥5-l 8 3 3 8 0 
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[0073] m&nmomm&m&fetbT&v* 

6 3, 6 4<P<D&#M$gR\ , R3 , Rs 
(D&mm&mts 9 12MHz, K^IHftftl29 3 4 
MHz tl/T^^, 

[0074] mmme 1 *©#*«br2 . R4 0>#tg 

H»ft«9 3 4MHz, R*«H»Rtt9 6 2MHzt 

[0 0 7 5] <>y^^>XLi , L2 , L3 \*&\Z4 
nHT*£. 

70 [0 0 7 6] ±IBtS^O#ttSffi&^ ^ 60H 0 
12*. &6 5T^TiI®#tt£WT£o 
[0 0 7 7] <>^^>XL^2nH, 6nH(0*§ 
0 1 l(D^>r;V^6 OOilig^ttte, **01 2 
+ .116 6, 6 7T^t$0<l:/«fl)o 

[0 0 7 8 ] 012 fc»rJHT. iUlffM^jWr^ L 
«frfiFtt**toTfc, 013 (A) Oigl 7 0 T^TflJ < £ 
«/h#ASI*^&-3dBT*«t>fci(W 

[0 0 7 9 ] HflUC, 0 1 2 l:l^^T, 
20 ffi*K:#T*L«#tt£*bTfc, 013 (B) (DDI 7 

[0 0 8 0] ii 2<l:0»MJ:^f:, L«»*o*^r. 

<T*£.- ^fcflit»*>5 5 5MHzffi«»ft«(0ffllEE 

J:-5(r4 nHt 1<T<&£<, 
[0 0 8 1 ] LCOMti, )V*<0&mzfoVT 

[0 0 8 2] 0 7 0C^*MO7^^ lOiSig 
01 2+816 8T^r*0< 
50 [0 0 8 3 ] 01 2*. *%ikm<07 4 )V# G 0 COili§ 
(116 5) £t£*CD:7^;U*OMi&#tt (86 8) 

< , ^7 6 t^t «t o ^a»*«ncD»ss^K < . 

L^fcScEP 7 7 T^Tct "5 lr>J: £rt ? 5i/^> r 

[0 0 8 4] 01 4&tf01 5tt, 0 11 tDS¥tfcsgifi"«£ 

[0 0 8 5] 8 1«t7 = 7^M7^-y, 8 2tt7^ 
40 8 3^7-XtLTTOniTWo 

[0 0 8 6] -tr^^A'y^-^8 1 teTJl^'T'ty 
$y*8T*0, -*MXtt5. 5X4mm z 
1. 5mm^/h^^o 

[0 0 8 7 ] u0t7$7^7^-^8 1l:«AuB 
COSffiS^S 4-i-8 4-i«LT^« 
[0 0 8 8] 7-fM?y^8 2B, LiTaOs St 
1MXtt2xi. 5mm 2 (Djf^^O. 5mmT 

[0 0 8 9] dO^^JP^^^^S 2®«ffifc, »RA« 
50 1 0 0, HJ 8 Omitl *t£W*A 1 -2%Cu, IS 



-8- 
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K.--TSUTEBUT**. 
[0 0 9 0] Sfc7-fWfv^8 2©Mi:H 

8 5-2Stf=007-Xfflaf8 5-3, 8 5-4, 8 5-5 

[0 0.9 1] 86-1-8 6-stt#>x-f Vy^-r-VT* 

*$S^8 4-1-8 4-5<hffl^8 5-1-8 S-st\Z#>T 

[0 0 9 2] C<0?*>, 7>ft8 6-i, 8 6-itt^H 
1 l*(0i*?yiBl6 1<D— SB6 1 a&tf6 1 b£#|j&-t 

[0 0 9 3] 7-ft8 6-3tt7^ffl«i«f 8 4-34: 
8 5-3t<©M^»«5L/T»0, V8 6-4«»J<D7- 
^f««* : f8 4-4t8 5-4i:0mi:»«l/T*l3, 7 
<-V8 6-5ttj8'J07-Xffl««af 8 4-s £ 8 5- 5 <htf) 

[0 094] :©7'ft8 6-3^8 6-sBSS^i: 
2. OmmtfiH. 

[0 0 9 5] ^(Dct^tC, «<TftVi»7-f VttSSWJftO 
[0 0 9 6] ^*<J#M>^^©IiS 

is^cop i 9 9£K«) ^«tntf, -hie^y-r -f8 

6- 3 ,.8 6r4, 8 6-s^>^^>XTOlnH^ 
[0 0 9 7] 4 nH^>^^>X$:IWcfel:«C 

LSfiJfflU/Si. 

[0 0 9 8] d (Oct: -5 (CUT, 0 1 1 +£K 
XLi , L2 , L3 *««T*. 
[0 0 9 9] CMKM2] 0 1 6tt*5BW©JB2*tt« 

[oioo] 01 i^r«*S5»t»*-r*ffl 

[0101] ift^JBi6 lrt<D*II8§R2 COMPSA 
s 14, 8 0 umT&$o 
[0 10 2] 1W6 2tCt4, *iBRiAi<>^* 

[0 10 3] *«88RiAt4BBPftAp ^120 MmT^ 

[0 104] BfjP^Ap 14, ^P^As iOK, &HP 
SAs CO 1. 5fgT&£<> 

[0 10 5] te*5, #|g§gR2 RtfRiA<0**»Np , N 
s \$mz 1 0 OT&D, UH. 

[0106] 9 0*4, 0 17 4", i9 IT 



(9) W5- 1 8 3 3 8 0 
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[0 10 7] £<0ffi3fi«MiS:tfl6 5T^T01 l©7^r 

[0108] 018 14, 01 6(0«J*(D:7>f 

[0 1 0 9] IU0 (AM4, 01 6fc3ftT«fc3£L*tW 

ins*iTn*«£\ 04 2^rj:"5JcL*«#JnsnT 

tr>fc^«£K:43l>T, *^OttMW*figOB8Pfi (A 
10 s ) fw#T*MMW#«BOHlnfi (Ap ) (DttA? / 
As t, *«n»E*©B«*«T. 
[0 1 1 0] WttttfflJBESEtt, 4nH©-f>^?>X 

9 3T*ra<i:ft*. 

[0111] *fc, 018 (B) (4, Ap /As tSlifl 

[ 0 1 1 2 ] BiMMMBtt, 4nH0O^^>XL 
*^JP$nT^S«^tCtt, &9 ST^TflKtC&O, 
20 -f >^^>^LA«ftlO*nT^tt^»#^»4, S9 6 
T^TfcD <, 

[0 1 1 3] 01 8 (A) , (B) £9, BTFOZLttfl 

[0 114] <D3fc?UI«6 2rt<D#fiBRiA<0Ria:ftAp 
£fi^Jl»6 lrt(0#JE8R2 OUSP^As JzOS<T£ 

[0 115] ©t^6 2II-1 > >^^>XLi «rttftl 

T, *»88RiA<7)BBPftAp < 
SO 0, Ld^fe*««0)^tt)»£jliVi. 

[0 116] H±Odt36^6t>, ±XZ$mw<Dy 4 )y* 
9 0t4, ^1 l(07^^6 0[:jt^T, BiMMm»4 
WSSKim:* BB*«^»£EK«titAfcB3l4*ttft 

[0 117] Cftttffl3) Bl-9tt*XH®ff3ftttfl 
ic<t-&Wtt«ffiift7-r;iv^ l o 0^t o 
[0 118] H*, 01 l&tfHl 6^5R-r«rt«»t 

[0 119] 1<&#BBR2 <0*t»Ns 141 0 

40 0T&£o 

[0 12 0] M*«6 2K14, *^g§RiB<h-f 

[0 12 1] #?MggRiBl4, MSNp *U5 0T*0, 
±IBC0^M§§R2 Ott&Ns «tOt>*<, tOl. 5« 

[0 12 2] 7^43, *tg§gR2 &1/Riac7)^PSAs , 
Ap te#\z8 0/imT$»0, 
[0123] £CD7-f 1 0 014* 020 « 1 0 

50 [0 12 4] »6 5T^ti 1 1 (D7 
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>ov*$ o<aaai*ttiitiM-*i. aa#J*fi«R*i> 

[0 12 5] Sfc, 017*19 ITStBl 6CD:7^ 

;^9o<oaa»fttJt«-r*t, &&'£<wj>u^c 

[0 12 6] SEoT, *nmm<07 << )V9 10 0H 0 

i i^7>f;^i ltit^T, aa#««&»Ki*-r 
o\ztf<T, »**<b*«*«:^aa#tt«*r*. 

[0 12 7] (Mgfl4] H2 ltt*RH®$4ftlK0!l 
fc**»tt*BH*7-f 1 0$r^To *MMt2. 

it^lNOK«[Bl«S(DSA«MttRf« £&SHttftf r 

[0 12 8] 0** Hi ll:«t»«8»t»l6tS« 
[0 129] B^6 1(D^^, f^iJi6 2, 6 3COPJ 

[0130].[^i;<, E^JIW6 1(0^, ^JM6 3, 

[0 13 1] »JM6 2tC«, -^(D*figR<8[«fc'tt 

[0 13 2] m&<, M^JM6 3fcHU -<D#H§3R3 

[0 13 3] notlc. ttnH6 4Cll -0*SSR4 

[0134] ^(D7^WH0tt, 022*. 811 

lT^Taii^tt^w-r*. 

[0 13 5] H dT, -f>y^^>XLs Rtf-<0#« 
[0 13 6] 0 2 \<074)V#1 1 OctO. 

>xls t-<D#m^R2 , ra tznmrzt. 04 

»#tttt, ^68 (il2#I) TiST*D<T»S. 
[0 13 7] _fcK-f >^**>*Ls *i6ttrr*fc, * 

mi 1 2T«-r«t5»caa«««*«it*'r*t*^ 1 * 

Hll 1 3 J: 5 ^«*>Hfllffi**tJiAfc. 

<, itSmftKIHICffll 5MHz*«S*«*Lfc. II 
ftttte, 81 1 4T^tr(i:<l:feofco 

[0 13 8] »«5MfllBEaEtt+»T«i: 
j eCT-CD*^ggR 2 , R4 SriijtaLfco 

[0 13 9] C(0-O*fiBRi , R4 ^iittlT^)^. 
aa*««t*»*Cta:<, £0U 1 5T^T«fc? 

\z. *«n»fiEK«in5dBtt*$n. 81 1 it^t 



(10) #ffl¥5-l 8 3 3 8 0 

/$ 

[0 1 4 0] 81 1 1 £8 6 8fcifc«rr*K, 1 

[0 14 1] fc*. lO^MIRi , R4 tt* 

[0 14 2] 02 l+=jft*»T*rJ:5lr, 3fe 

[0 14 3] C«jKM5) 02 lte#%^CDff§5^ffi0J 
K&*Wtt*ffitt:7>r 1 2 0 «r^To 
/0 [0 14 4] 0*, HI nc«T«dc«»tn-8B»»C 

[0 14 5] MJIJB&6 2^>^^>XLi (O-f >^ 

[0 1 4 6] Sij4>ttaUH6 3<7>f >99 9>7>\~\ <B>f 
>^^>Xfite5. 5 nHT$>^o 
[0 14 7] Kfc8U©3tWK6 4©-f >^^>XLj 

[0 14 8] ^(Dct^C, §t^6 2-6 4W>^ 

20 CtlCckot, 7-<;^12 0H B2 4t, K12 1 

[0149] d^T, -<>y>^^XLi —L3 £K> 
^?>Xi^4T4nHt9l/HBl 1(D7^W6 

ooaatttttitttLT**. 

[0150] :©7^M60H i24t, 86 5 T 
itli^tt (HI 2 #88) *#f*. 
[0151] *^«W©7>f 1 2 0 CDM»tt«, 

±K7-r ;p*6 otoaaftttKit^T. aa#««sra 
6»«)*c:t^:<, ^bji 2 2-c*r«t^Jcaa»«n 

[0152] aa*«ctofi«*»«ncp^T*st, 

74)V9 6 0 C»otH9 0 2MHz Wi6l:-(DMg® 
12 3l/^ft^fc"b©l:J*UT, 8 7 5MHz £8 9 
2MH2(Drifl:agil 2 4, 1 2 5**3B*UTH 

[0 15 3] CtlKcfcO, -~D<DUmMl 2 4, 12 5 
i<OM®«ttJMB«l 2 6*«jt«l 2 7tWo 
[0 15 4] (3R1KM6] H 2 5 f±*56W©JB6 XiKM 

[0155] H*. Hll *W6T*» 

[0 15 6] &3W6 2 0«l<Z)Wt£S9tt£JRSRiB 
0 2 6tC^"t ct-5frBfi««l 3 1 CO^ffliJH 
£W§§13 2, 1 3 3*ELfc»«T**. 

[0157] Sffi 1 3 2, 1 3 3 1 3 1 £ 

J£!*§§1 3 2, 1 3 3£:«E)^ni6ad«AA 
d= (n+ 6) m A - 0) 

50 MmfcmzttfoistzmMmMommr&z) 7?mt>?t 
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#PI¥5- 1 8 3 3 8 0 
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20 



0 = 0. 4 £ Lrzt%<D&m\zmLT$>Z>o 
[0 1 5 8] ±fE£W8§l 3 2, 1 3 5 0 

CO 1 5 9] j5«S£tS*£*JI§§RiBte, 02 5^ 

to i 6 o] mommme 3, 6 4<D&gggR38, r 5 b 

[0161] ±fB«?^c^7>r;U^ 1308, 0 2 7 

i 3 4T*-raa«ftt*WT*. /o 

[0 16 2] C©iiB#ttB, 01 1 ©7 w 6 0 CD 

fflig^tt me 5T^t) tetter, ^au 3 st^t 

[0 16 3] CCT, U^y;Urp te, 13 2 6 KSTJ: 

o \zm&m<o®mnM 1 3 1 opjffliz&wgg 132, 1 

3 3^IU::tCJ;oTML/:t)OT$)5o 
[0164] CCT, J£»g§ 1 3 2, 1 3 3 (£>gfiIS:<i^ 

[0 1 6 5] ±e<D3£K*5HT. /9«r0 3^&0. 5 ST 
B{b**TUy^rp ©■'^CMBWtt. 13 2 8*811 20 

4 0T»t»<l:ft«. 

[0166] mm*, an 4 i^uy^;HB*<«/ho>ja 

[0 16 7] ^©^t^b, j8£0. 4lCJg«>T**. 
[0 1 6 8] 0 2 9\$. 0 2 5<D7J )V5> 1 3 0 
Ufc»tt*SJft7^;^3SHl 5 0£a*T. 
[0 16 9] 0*, HI 4lC«r«*«»t»*T*« 

[0170] 132, 133, 151, 152, 15 
3, 1 5 4tt**R»»T»*. 30 
[0171] IB 1 <0-«^ »»tt«ffitt#«S<& 

[0172] O30 \t-<D^mm^to * 

Q=Z o/Zm=Vo/Vm 
(Vo, Vm : aa«ffiXtf«ffiTT(Oifa, k* :« 
$SflkM<S^«K) tU o (t) *«» t KJt«T*A 

[0 18 3] u5B<t7^M©tiflij[»f oH 
fo = 2fo' / (1+Q) ••• (1 0) 

^al/-xa >0>tt*, a (t) £*£<T&£, fin 
ttRttBfttB3 3*. 8 OT^-Tct^tC 

*oKWiftfll^»»iUT«>€r, owe 

El 3 3 \ZtkT. 
[0184] tt*, 033*, gijto U y rs It t 



* [0 17 3] £(0#iB8Ri Ball iglgl3 1(^ 

16 0, 1 6 1 *ELfe««T»*. 
[ 0 1 7 4 ] 0 3 1 tt, g'JW«««*^-r. 
[0 17 5] CCO^SggRi Bb tt, iligl3 10 

1 6 6*ElJttt«T*S, 

[0176] c*js«7) 03 2\t*9tm<Dn7nn9i 

l:ft5»tt«I»7^M 1 7 0£^To *^M«ltt, 

2 1 fc»r«*«#fcj»*r*«»fcttw--i»i»*« 

[0 17 7] 7^^17 011 0 2 1 
0(03%, ftatJiJW6 2, 6 3, 6 4 0>Ml<O#ttaffi 
fc&iig§RiB, R3B, RsB£5fc*02 6 IZTskT <k O \ZW) 

1 3 2, 1 3 3*mi,tzffif8.~C$>Z>o 
[0 17 8] ZL<D7 4)V? 1 7 0K«fcn«, 0 2 2+$ 
1 1 lT^T4#ttct0t), aa**<B»**VJ>&<. ^ 

*:^fc»*%nfcaa»ttrtn»sft*. 

[0 17 9] (*«M8) #*J6«tt, H2 7*<Z>Uv 
[0 18 0] £-f> MEJEWBftllDWlCSnsUy^ 

[0181] ftwmm*. u ^^©anwjftfcttBt 

[0 18 2] i/^iU— > 3 >Ttt*»ltllP©a*** 
@TC0^g<>^-y>X (Zm) £SAS]B<2>**<f 

^^^7to -tnttXiR (i) t feasor 3 « 

= 1 + k 2 /2 + a ( t ) ••• (9) 

[0185] 03411a (t) =0. 0 8©I$T, frF; 

oT, WHT»4aa«H*^6U!yy;Wt«*., 
#«<D*i>a* (10) Stcfi£oTfi^iSffl'K^»iLfcfc 

zn^miEt-«, t«was9 3 2MH8i:ft 

5J;^l:, -ift9JH2fttftt^JNa)ASSOA]HMttR«: 1 
5 MH z fc'ttKWttfcKS,? h UT^S. 

[0 18 6] c:n**|R<z)lll»to»iST*-6fcai), 
y^*KflpL, Jtomi&ftli&ffl^fzo 

[0 1 8 7] 03 5 (A) , (B) , (C) (D& 1 8 
5, 1 8 6, 1 8 7tt, **«ffrt*2 0 0 0 A, 300 

oa, 4 o o o AcoRp<Daa4#tt*»jcsitT*-r. 

[0 18 8] ft, MJPS:«Aa^ttIctD+^«aR^ 
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[0 1 8 9] 03 5a>S9IS**ttJ:3fc, 2 0 0 0ACO 

r p , Rtm»M<OM&M<0 U y ^ r s *«, 3 0 0 0 
Ao!)W»lttil(«*«^»»LTrp ' , rs ' £t£*), 

[0 19 0] L,*>U Kif4*iJn$-fr^:Nptr«^aiU 
—> 3 >TfcmffT£fclV\Vi^fcl;: £Z>m%i£fc (XL 
mi&: TLiTaOs »«±O#tt*B»[#»Fi:*-<0 
VTRffl»Mg^©*fflj , S^5i(g^^»Xffi, vol. 
J66-C, No. 1, pp23-30, 1988) tfitft«tc«fc^«*5i:#^ 

[oi9i] f^ti3 6 (a) izmm&^TLfcmnm 

[0 19 2] [sJ0*, «ll 9 0teAVl^&l;i<££«l&, 
HI 9 ltt«tt«fc£*«**ST. SI 9 2A«M« 

[0 19 3] BIBJ:0#*>*<fc'3fc. *¥A*Ste2 5 0 0 
AffiTP#<0j»*jW5«U #J3 5 0 0 A< etiftig/f 

[0194] i36 (B) (DB 19 3H 13 2 6*CD©j 

mmmi 3 1 tswsi 3 2, i3 3©(W6«aw" 

ft f 0 fc»T**fc*«T. 
[0 1 9 5] 03 6 (A) , (B) *«*Wfc«»T*. 
mmt isT\$* 2600 A- 4000 A**»«rt^ 

*M^JW*JBS©«S«WAp (9 3 2MHzT4. 4 
umT&9, i2 6» TSMt^t, 0. 06- 
0. 0 9 

[0 19 6] **Jfi«te, ±EOttW»*tcS^< 

[0197] i3 7»4#»K©S»ttaiH*7-f J^©JB 
i 2 0 0 £^To 

[0 19 8] HHfr 2 0 1 Si£«&2 0 2, 2 0 3 tit 
**A lHXttaSJtTftXJMMHe 

0. 0 6-0. 0 9fg<7)JP£T$>£p 
[0199] ^©*fi»2 0 0*H2 2+<0 
i*ig§3RiB, R 3 b, R5BJca«Lfc#tt«Hja[7-f 
<Oii«#tttt, 0 3 8*, «2 0 5TiRta<l:ftD 1 

[0 2 0 0] ±ISCDA 1 &4Htlxfc«'&l:H 

[0 2 0 1] 039(1 ±B#«»<OSE#«T**#« 



(12) W5- 1 8 3 3 8 0 

22 

S21 0£^To 
[0 2 0 2] 211 \*®mW&* 212, 213 ttRSt 

[0 2 0 3] :tlbH AuUtfe^o 

[0 2 0 4] H««10»*©«»"CCO!>a»*«fti;Tt» 

[0 2 0 5] A I <Dmm/Au<Dm&=2. 7/18. 

9 = 0. i 4 3Tfc££#>, mmmm t o. 14 

70 3<gbT, mS/l^Ap 00. 0 0 8 6-0. 0 1 3 fg 

[0 2 0 6] £<2#fi§§2 1 O£02 3 2*<D 

*H^Rib, R3B , RsB»cafflLfc#tt*ffitt7-f 
offiia^ttfc, H3 8i:*T»<l:ftO, SiMSttfc'J 

[0207] mmm 9 j 0 1 1 *®-f> 

[0208] 040*, hi 4»c«-r**«»t»*r 

20 [0 2 0 9] 2 2 0, 2 2 lM&tf-tfifVtwnruX 
h'J7^>T$0, ^»?8 4-3&«8 4-sJ:0 
StBl/Tt7^^^A7^-y8 1±13*1/T»5, 
[0210] ^^P7hU^y7<>2 2 0, 2 2 

[0211] ^^□Xh'J77 P 7-f>2 2 0, 2 2 
1 <D/^& — > | ts^ 10 0 Mm, ^^DXh'J7^7< 

[0 2 12] -fc^S -/^A-/^r->?8 1 <Dltmmm$:9 

30 ^D7hU7^>2 2 0, 2 2 1 (D-f>^^>^ 
l«2nH(!:^^c 
[0213] (3l$£#J 1 0 ] 01 1 *©-f 

>^^>xli , l 2 , La fc^gTssewsuoM"? 
[0214] 04 i*, 01 ^ssTttfca^ty&i' 

[0 2 15] 2 3 0, 2 3 ltt^yifi/JR^V-f d7DX 
hU7^7<>T*0, **#lg8§Ri , R2 ctO^ffi 
LT, y^()V9^y^B 2±\zmf$LLT$>Z>o 
40 [0216] S7<^DXh'Jy^7<>2 3 0, 2 3 
ICD^JC, 8^8 5-3, 8 5-5**«l/T»4. 

[0217] S7<^DXhU7^7-f>2 3 0, 2 3 
ltt, JP<*#3 0 0 0A. (g^6 0um, 4fi4«fi2m 

[0 2 18] 7^Wf7"/ (LiTaOa ) 8 2 (Oik 
^i$^4 4m<h, V-f ^OX MJ 7^7-f >2 3 
0, 2 3 10-<>^*>X{ite, SifcitJ:D, 2. 2 

[0 2 19] fc*5, >^*>X£, #>r^ >^7 
50 <t86-3, t757^^7^"> ; 8 1±(D , 7-1'^DX 
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MJ y-fy-i >2 2 0, ? 4 )l>*<?y 78 2 # 
ax MJ 7^702 3 0 Sltlfl^t* C i: l: J; t> 

[0 2 2 0] C^JS^J 1 1 ] 0*4 2 I4#569i©|g 1 1 * 

tO 2 2 1] K9i©ffla:±. *T**ifi««>*H&«* 
[0 2 2 2] Q*£fttt0«S 

^^fc&TVf £fca>T$>9. Afsfrs -fap 

[0223] o*xmw<Djt*mi& 
mz&n&mz&\,>T\x, tap =frs \ty-ov^<omm 

TJ^Kfap <frs iT*ci£#;*.fc. 

[0 2 2 4] ^0^6W6MJ:^l:.- fa 

p<f<frs CD&BT«bx<0 fcfcO. flffl£0>31lftd> 

^•SJ^lCA f (=frs -fap ) (DXZZ&MmLT^ 
tlii. bx«<0ffil4#1ift£/h2^1il;:S*£fc«>. 

-^fc. 

[0 2 2 5] 04 514, A f =frs -fap £S?A>Sfiin 

[0 2 2 6] SUHftfrtLTtt. ffi«S1SI4«m««*S 
•&^goi<0. 0 5OL iTa0 3 illSfflOA 1 
mSI4^iP3 0 0 0 A<0^#5rffl^fe„ 

[0 2 2 7] mffi#&j£l4, 042 KaVTJ: 5 tt£gJ#S 

[0 2 2 8] UA»U *8tfcK:*0aa#«rt©J**fe 

fciOBIttT*. #W48t£2dBKT, #tt^V«l£EK 
2 0 d BW±=&*^-T5 1 ^COflJ^Jt LT^ffcfc© 
T*-5. LTtt. iSM^Jffi6c7)*|g 

B#lwMP*aU 8 0j*m-Ctfftai5 0*rc»*. BM 

®i?g<E>ttP = C p/C st4lT&5. 
[0 2 2 9] 04 5l:*V>T, (A) \i A f = 0 

[0 2 3 0] 130 (B) (4 A f = 1 OMHzOJB^t* 
5. H0 (A) itb^fct. 9iltt*©*'h#Alli2l3 



(13) #B8¥5- 1 8 3 3 8 0 

b.h£'£\V£-f\z. aiHMMi (»fc2. 5dBKTS 
«SE-r^««i|si:r-5) rf>*2 2MHz*>&4 OMHz'v 

[0 2 3 1 ] A f ©fitn«±tCffif««i^5fc#$nT^-5 

©a. aimf*ott«*«oa*H«*t^,&nsfc*Tr 

[0 2 3 2] £fc, #«ttfflmfl^efc»Sn*. 04 5 

(a) . (b) \z&^Tmmfcm<Dtt®fttomm (h* 

tC^Lfc) *U 9 d 2 0 d BCSSSnT^S. 

70 [0 2 3 3] COcfc^A f 

[0 2 3 4] 045 (C) ttA f = 1 9MHziLfcPS 

*ft***S*lJ*a6ft. £CDi§£TJj$2. 5dBm 

ttofc. fi£^T, A f = 1 9MHz^ A f £tfJjn£-£ 

20 [0 2 3 5] ^<DBrJC«jaS(0bx«tt<i:O«t'5tt«JC/j: 
oTV>£<Z>7^£04 5 (C) O A f = 1 9 MH z 

[0 2 3 6] 0 4 2 (Dtf*JlK£«l*"r<5#tt*ffi 

Ml, 04 6 (A) , (B) T^T£"5&0K*lJS 

Tzo ^LT, W1«:B4 6 (A) , (B) \zmTj&Z 

[0 2 3 7] (DIS*, 047 \Z?jk~$~Jz O ft«ttft4#tt 

[0 2 3 8] rn6cfc0bx«©«ft»J|crstn '/-. r fl 
«HttM4 8(Dct^:^l) e 
[0 2 3 9] mBfr&fap < f <f rs ©HSBTttbxtt 

[0 2 4 0] bxS^M&Dfi^ilbx.ax | Bft 
40 SETSckSl;: 
[0 2 4 1 ] 
HS9] 

f = Vtap xrrs 

[0242] taPSK-^sn, *nmwv\*o. 06t 

[0 2 4 3] Af>19MHzi:«t, |bx.n | 
50 ii^D^WTOK 
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<&m¥S- 1 8 3 3 8 0 
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[0 2 4 4] ftoT. I bx.» |tt)W*tt5&fl:©±IB 

A f ©fF^fii£5£«>3. 
[0 2 4 5] &>TlZ%.lZ-flB>itLT&®?%. 
[0 2 4 6] 04 9130 3 tmC&5im&mW&#M [0 2 4 8] 

»4LC«3!)2a**igiS"T?ifi<HlxTH2 0J:5t:» ; 3 t ffl ItlO] 

- j C(o,. t -(O 1 ) 

Z s = j x = 

coCot (<*>., 2 ~(o* ) 

j «C„ (w.p 2 -co 2 ) 



* [0247] a?flw©#ttaB»#«»©'f>fc:-$ r > 



Yp=jb = 



(11) 

(1 2) 



[0 2 4 9] uCT, 

[0 2 5 0] * 

6),.= 2ff f r.= l/ ,/Cl.Ll. 



r 



= 2 ^ f .«=cj,, /my? 

= 2 7T f rP = 1 / VU i.Li, 
— 2 7r f , r =aj rB VI + 1/7 
= C o «/ C i« = C»i>/Cii. 



^[»11] 



[0 2 5 1 ] T£>£p 
[0 2 5 2] (11) 



(1 2) iCct 0 bxfa£#£>£ 



* [0 2 5 3] 
[ftl 2] 



bx = - 



(CO*t> 2 -CO 2 ) • (&> r « 2 -CO 2 ) 

(COrp* ~(0 2 ) * (CO.,* -O) 2 ) 



[0 2 5 4] ta*. * [0 2 5 6] 

[0255] ( 1 3 ) 5£<£> b x AMttft [ft 1 3 ] 

cotec? (bx) /^ = 0^b«^0 : J E-nH t=t 

[0 2 5 7] tftS. ♦ [0 2 5 9] 

[0 2 5 8] (13) SCH«AUfctt^«ii#* [ftl 4] 

Cop ' (1 + 1 /T) 

b x„», = 



( I 3) 



■■ (1 4) 



C l + l / (r • Ao)/o)rJ ) 2 



( 1 5) 



[0 2 6 0] 4: <c 4b. 

A CO = CO r s — CO * p = 2 7C • A f 

[0 2 6 2] (15) S^bx.ax f / i r,0Mffi 
t UTP = Cop/Cos ^7/-^<hlTyD7 HT£ 

[0 2 6 3] HBl:*^T, ftl:*«»l:*»fcbx© 

mc^fr^fio. o eaTt^iftftMsntiMio 
a = 1/ ( VH Cr 2 + r)/U. 



[0 2 6 1 ] u^T, 

- (1 6) 

[0 2 6 4] ftoT, P = Cop/Coil:<toTS&*A 
f /f ri©fMMIa*«ft}rc#. tfttt (15) ^Oi 
bx.ax 1=0. 0 6 £ IT, &5£ifc:£o 

[0 2 6 5] 

[ftl 5] 

1TB" - r) - ( i 7) 
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[0266] e«ttrtta«**»T**o, mmz^n 

\t. 3 6° YJly he«L i TaOa T^J 1 5T^o 



* [0 2 6 7] Z<Dfzit>s 
[0 2 6 8] 
»1 6] 



a=6. 67xi0" l /(4. 2 2 /F— 1 ) 



4#B8¥5 - 1 8 3 3 8 0 
(1 7) 5tti, 



(1 8) 



[0 2 6 9] 

[0 2 7 0] P=l(Z)Wf, a = 0. 02££t9> frs = 
9 4 8MHZ004 5 ©^*W©«$T A f = 1 9MH 
ztftO* (18) a^OSotl^CtAWBT?* 

[0 2 7 1 ] AfS«*St-5MH MJfcr#*3 

»£#»T*D, -t©«fc5ttEE«a*R*«BK3»LT (1 
7) SC**a6fc. 

[0 2 7 2] r«»«ft«ltt^«ftk2 <oifi»^it« 
T-5fc86, 3 6° Y*7hxe»OLlTaO$ Or* 
<h, k 2 =0. 0 5©Ht*ffl^T, ffcOiS^SSUStt 
IS£«R*fcOim6 4° Y*y KXfe^L i NbOi 

(k 2 =0. 11) fc % 4 1 ° Y^J7hXML i Nb 
03 (k 2 -0. 17) (Orl**^^ 6. 

8, &*a*4. 4T$>^o ft^neook 2 coM^xi* 

( "Applications for Piezoelectric Leaky Surface W 
ave' :K. Yamanouchi and H Takeuchi, 1990 ULTRASONICS 
SYMPOSIUM Proceedings, ppll-18, 1990) £#RBLfc. 

[0 2 7 3] 0 5 l &§3ifc r £S3l«*M££« 
ftk 2 tcDM^^^-To 

[0 2 7 4] mm&mmt 36° Y* y h^L I T a 

03 cok 2 <hrfit<i:<Dfi£ffi^ 

[0 2 7 5 ] 
[ftl 7] 

1 



[0 2 7 6] tlT*»ftt)0T»5. 
[0 2 7 7] 05 10Hff*i&, 64V *yht41 
0 YiJy h(7)Xe«L i TaOa <D r ffi£#a65 d t*« 
KtEiWi;<fhfnr = 6. 8, t4. 4 i& 

[02 78] <s>mmmi 

Z 04 2&tf04 3^«"T*lfi«0**^^ir^T 

■wrr*. 

[0279] 241H36' Y-LiTaOs £>f£mg 

UT&Os 1. 5X2X0. 5mm^$t$)^ 

[0 2 8 0] A*fflM>SE#fctt*]tt#SB (R * 
a = 1 . 4 7 x 1 0 < 4 . 

[0 2 9 2] fcft*. 

[0 2 9 3] 4 1° Y*y bXfcJSL iNbOa 

\Z\t. 7 = 4. 4T&9, ★ 
cr = 2 _ 2 7 3X I O " 1 / (4. 

[0 2 9 5] ttZZ. 



5Kpi ) . S^J^iigg (Rsi ) % tt^M&fiS (Rp 
2 ) ■ it^JN^fiS (Rs2 ) , m&m&n® (R 
P3 ) 0)IHTttA/Ttr*&. 

[0 2 8 1 ] «^0*«»ttM*-f HfcKI«2 4 2 
70 («&£!) SrfeofcWJfiT**. 

[0 2 8 2] fl^©*fiStt^^nt)BBPfi*<l 8 0 m 
m> 5 0 » % JKIttBfc5 0*fT££o 

[0 2 8 3] iMSfficoHXIi(7)M^£S^(l?ij 
llfcfc^8§<hT^AT&£ 0 M^JHAfiSOMffl^A p = 
4. 3 9wm (/^->SWty^ttl:l 
fcafr, /V->«BAp/4^1. Um) , mm&M 
BOHWttAs=4. 16miti (H8l:/^->fittA 
s/4 = l. 0 4/zm) T£>3o 

[0 2 8 4] *n?n<Dmmte*n?n<D#mme>#m 

20 (frp , frs)7WWj£<Btt (frp =8 9 3MHz, 

frs =94 2MHz) 5 
A s = V. /frs , Rtf 
A p=V B /frp 

0 0 ACOB3CD3 6° Y#>y hX^L i TaOj t£gh<D 
^ffii&CO^j^T^O, H^Wt-V. =3 9 2 Om/s <h 

[0 2 8 5] _bK»fS<B#tt»ffi K 7^^24 0 tt, 

045 (o t«ric#«Tja^«»*©ai«»tt** 

[0 2 8 6] fc*. A f = 1 9MHzm 
[0 2 8 7] 043t, Ap&t^AT4. 35miti 
Af^lOMHztftO, 045 (B) <Dft 

[0 2 8 8] ««»»«A 1-Cu -&£T£ 0 , IR! 
SB3 00 0 At, *ffi»^JE«a« 2 4 1 GDXtt^ft 

[0 2 8 9] ifcl;:. »©£E«»«t«V^fc«*©«^*3 

40 [0290]64°Y*yh X£»L iNbOa CQJf <& 
tCfri. r = 6. 8T^0 (17) 
[0 2 9 1 ] 
[ftl 8] 



3 7 vT 7 - 1 ) - (1 9) 

★ [0 2 9 4] 
[ftl 9] 

5 2 vHF"- 1 > - (2 O) 

50 [0 2 9 6] r EPt=>®m««S££* 
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[0 2 9 7] &mWl 2) 0 5 2B*%5l©gl 2^1 
[0 2 9 8] 05 3tt. B5 2®lslBttj£«>9tt*i&tt 
[0 2 99] 054SU:i55tt, 05 2, 5 3 ©#tt 
[0 3 0 0] 

[0301] *-£mm<Dft&%mtfi7 j mMn 
[0302] cntrcfco, aiifftt£«t*s*Att*& 

[0 3 0 3] ©fBW©3&jJc£T©JB#i§ig 

[0 3 0 4] 05 6 (A) . (B) K^-fct 5 \Z'pt£ < 

[0 3 0 5] d©R£, tt^MASBOASAttfttttH 

©±*> £ gd#*»«#«fc 0 iSi^Jii£ft£}f o z tA'S* L/ 
IV, 05 6 (A) , (B) ©HMfcBffflttSHClAffl^SS 

ai:*«Ufct>Ott. 05 7 (A) . (B) , (C) (C 

[0 3 0 6] 05 7 (A) \ZXtUl3M<D-j5fim&MK " 

z,,= yrrr 



B i A, 



(16) #1¥5- 1 8 3 3 8 0 

*ffiJ#a**JWiT»4«#. . (B) ttAffl 

*Jg*tcM?iJ»6-C»4«^ (M^H) . PB (C) it A 

[0 3 0 7] C©J:-5»C*afbUfc«#-. JfAfflfc. * 

#«Ji-«iBEaHiac»r*. t<\z 

a. 

[0 3 0 8] ¥&l£mRI±09ift#ttC 
Jgi&ttft n fg «fc 0 $ 6 KaSffcT -5. 

[0309] -f >tr— * r >xaE^a«j-c«ti»t. 

Kra©«E# (0 5 7 4»©8ll - 1 * j>6n-n' *T© 

[0 3 10] *ttKnra±©«*KWtrtr*t»* 

fen 1 0 1 o g (D ifc-S. 

[0311] ^^TmfiEF B 1l^±©-f >bf-y>XS-& 
£te^D. «£^T©«*S»t€:Jf SASCilCckO, # 
20 A«^©iiJia2:@^Jf$^SCltA«aST*.5. 

[0 3 12] Jfcfc, ^.&MX^m±<D^ >\±-^>7M% 

[0 3 1 3] 05 8H^-r«k-5tC, -«(C2-^©S75t-5 
4«mt* (FfT? ? iJ©4-0©feScA > B, C, D) £fc 

**b-b* a»s*n*n©iiiH«*Jt,fc-f*-5> 
[0314] 05 8 iZTHT^^izm^ i m^^-rz-f *- 

9 J-i >tf— ^>XZii«, |HlKl©4afSSAi . B 
J0 I , Ci , Oi Sr^oT*jt©«te)IC:^$n«). 
[0315] 
[ft 2 0] 

- (21) 



[0 3 16] H«{C0K2<W&*fc-f *-vH" >tf-y * [0 3 17] 
>AZi2«. ^ffl«k^l:«3ns. 38 [»2 1] 

Z i »= V A a B a y L>* ••• (2 2 ) 

[0 3 18] cn&©-f*-5M' >tf-y>X«ft^}g ★ ^SCOJ:5/j:-f >K-^>XHE^*fr*«**«. 
fit (N»«t) Ro &BlKnffilCttS-&. 40 [0 3 2 0] 

[0319] (2 1) St (2 2) S4«l/Htl< ★ 

Di Bi /Ci Ai =A2 B2 /Ci D2 

i5 9ii mmco-t >¥-y>zm<e;&ft$ : m?2i\Ei& * [0322] *jit>-b 

[032 1] 059 (A) 12. -i y\±-9>X&£1fim [0 3 2 3] 

^»tiaS&-V. (2 3) SC©ftfl:*«fcS«:^. [ft2 2] 

Z. Y„ 



(2 3) 



r = 



2 -t- z . Y, 



(2 4) 



[0324] tuz>. z« y» te#ii8s©3t^-eteiii®& so ®-v*>%.£iz o <h e>te^fc«> r o ictt/j: 
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(17) ^i?5 - 1 8 3 3 8 0 

31 32 
[0 3 2 5] dtllCjt^ 135 9 (B) , Sfc8B5 9 *b f * -SM > tf-^ >Xtt, (2 1) 

(C) te«^b-b* T (2 3) SC©*frft»fcTfc» 
RMttOtftO, a^liftUttlrJ. [0 3 2 7] 

[0 3 2 6] flAtf, 05 9 (B) «»b- * [ft 2 3] 

Zi.= VZ. 7 Yp CI +Z. Vp ) - (25) 



[0 3 2 8] i&^b-b' *6*«**fc-f> 

-y<>lf-y>XZizt) (2 2) 5M>&3R#£4:. Z 

[032 9] HoT-f >K-miWtn, 
©E»«ftttOfctt*. 

[0330] 059 (c) bnfti^f >tr-^>;*&£ 

[0 3.3 1]*i:B5 9 (B) , (C) 0><fc<3tttttt& 

[0 3 3 2] 060 (A) tt, 059 (B) , (C) (0 
M*tt*«Sfc»OBLT*ttKB*n (>2) gtSlft 
^OJ:5*c«*3Ertt*^*.tt, Mai 

[0 3 3 3] 06 0 (A) CD«/&T* a^KBM»U*'5 

Tt>tSt«)^r*tBI6 0 (B) 
[0 3 3 4] CKD*^ afcAfflASBfciS^M©*^* 

[0 3-3 5] 0 5 7 ~C7sk Lft 3 ffi^CD^^b^ft^tC^ 

&»*StLT, *n-etlH6 1 (A) , (B) , 
(C) 6*1*. 

[0 3 3 6] 061 (A) \$m 5 7 (A) iCttrtTTSg 

IBBOT K5^>Xftt>, ft«©tW»*SBa)7F5 

[0 3 3 7] H«K0 6 1 (B) ttH5 7 (B) * 
£06 1 (C) I4H5 7 (C) 

[0338] 061 (b) <D*$$\*mf»m*&mfc<D® 

B»«<0afcMB#«B©7F£*>Xfttt, 
ct Ort«<0ttJUB#«B©7 K == * >XffiCD¥#£fto 

[0339] 061 (C) 0«^ttp*a^ie?iJI»a)« 
[0 3 4 0] O^SSCT 1 2 <D«j« 



10 [ 0 3 4 1 ] 0 5 2 \t*ftW<Dm 1 2 MfifllZttft Vtt 

[0 3 4 2] coswtaffi*7-f;^**#fl:rat. 
0 5 3K^-r«i<Kte*. 

[0 3 4 3] 3OC0ift^JBS*aB (Rsi , Rsz , R 
S3 ) £ 3-D(D$Lpm#M& (Rpi , Rpz , R 
pa ) tfrZf&Q* -tn-PnH 5 2 ^«T»«HBOJ: 

[0 3 4 4] ^n6C06^<D*«Btt*^WPfi (9 0 

Mm) #bi;t*o, .a:3«B»#* doow «>n 

[0 3 4 5] »*«BttWH^ri"5*cJfilSa! 

[0 3 4 6] S»BCD»fttt 1 0 0 MMT^^o 
[0 3 4 7 ] S^JR^JIB (Rsi -Rsj ) teT^T 
HKASOttfffBM (A s) -C*0, A s=4. 1 9 

[0 3 4 8] aenRASB (rpi -rpj ) 

50 [0 3 4 9] JttttOStfftibT, C©««fc»r*«* 
IMB6 2 Cito 
[0 3 5 0 ] 0 5 2 COffi^lC^T, -f>tf 

BWWfftfHl P3P^90/im, *f»10 0#T» 

affift^BBfcBtffcttT**. 
[0 3 5 1 ]E«SfitSAIl 3 6 e Y*7hX£»L 
iTaOa *©±fc»tt«Btt#«BfcUT3 
0 0 0 A(DA 1 £&B©»»/t* — >##J*LT»S. 
40 [0352] 054 H82 5 1ttB5 3W7-fM 
2 5 0CD#tt^^-To K»2 5 2liB6 2©{{*©7^ 
;i^<04*tt**T. itiO***«07-<^2 5O 

[0 3 5 3 ] *l:B6 2<DVt$kOy4 )V9\Z&^T* ¥ 
ffiKB (3) ©7HS?>^Y. ta^n^f^is 
»RS:10 0^&8 0»l:»6l/T7K5^> 
XYp <DfI£/h£< U£l$<DiIi§#tt£0 5 5*, £12 

50 ftoT, i»©7KS*>^IBl/2tLft< 
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(18) 
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[0 3 5 4] 06 1 (A) <D&*K\Z*t-rz,mffi 

[0 3 5 5] (gUgtfU 3D 06 312, $S59l©il 3 

[0 3 5 6] COSM^ffiife 7^1^14. 06 1 (B) 

[0 3 5 7] :OiHt$ISi7^ JU* 2 6 0 «. 05 4 
©i^2 5 1 T*L&t»©tn*ft»Jcfi««** fcfcfi 

r. 

[0 3 5 8] C&Miftll 4] 06 4te, $^011 4 
^ffiWC/i^ttScBifc^JU:* 2 7 0TS>-5<, 
[0 3 5 9] :o»ltSS87^^tt, 06 1 (C) 

[0 3 6 0] CO#feiM7^;^2 7 0%, 05 4 
5 ITiRLfcfcrofcHatemfcttitt&Jfti'bfcS * 



*r. 

[03 6 1] C«Jttt 1 5 ] *K*56WO« 1 5 Hffi^J 
fCft*Sitt«ffiifc7>f MI:OHTB6 5K.tf06 61? 

[0 3 6 2] ®SliS«ajcD«lg 

[0 3 6 3] iiia«f«{c:*5Vt5#A»*«: 
Xft*W>2-&Z>Z. t\Z J: o cnesrfle^sitcta/ufc*^ 

[0 3 6 4] Jfcfc. *«WO«**^Ol»TKWr-5. 
[0 3 6 5] ©*^^«^S 

06 s\z&mfatm\\mz*:t\*n# : m.m'&&. (tr$ , 

f rp) 2 ^©#tt£B5&#ig8£Eg Lfctt^ffl 

[0 3 6 6] M?iJI»#Sg©7H5^>X£. 



b : VH7°?>7.ft 



Z, = 



g. b. 



r : ffifcxtt 
x : V79*>7>ft 

[0 3 6 8] Z<D£z>iZfcfe-r%t, 

[o 3 6 9] m*mxmma>7 ks^>7y, ro-y-t:^ 

^>X»b (H6 9<p0j&M) tt, #igJ3&&frp Tl 
A<f££: 9, f-:T3^5 + *b-^x, K#«sJli£ 
ftfap TO <*) tfcO, fap Cl±TfiF#«tKCJ(+l=tt 

[0 3 7 0] -73. Yp CD3>^7^>7s»g (0 6 9 
+ ©-jiUM*) tt. RHUKfap TiM^iO, fap « 
ISAfciiSiiRKS^U ^^t'0(riat?^T^<o 

[0 3 7 1 ] iaS3>^*>X#gtt + ©ffil,ri>4:Sfc 

[0 3 7 2] iS^JBS^MS©^ >t-^>X»Z, (D'J 
77^>X»x (06 9+CD*ISD tt, 7R^>Xt 
tt«T#*H«Rfrs TOtttO, K^igJiiS&fas T 

«*I*tO. + fas w± 

Tfi— ffiiJA*£0'vifi:P^T^<. i 

1 0 0 

Ssi - 



j • b - (2 6) 

* [0 3 6 7] £fci»*M«#«»«W>e--*' r >;**. 
j • x - (2 7) 

★ [0 3 7 3] «tt»rtt03^6»-«rCiillPUTlJ> 
€?, Bt^ilJlifc&fas T«*t*4 0. -E-n£UtT»-4r 

[0 3 7 4] rfegtl^dC + roiLA^S^K 
[0 3 7 5] "T. 7-<;U^!t#tt«:f^.5fe*i)lC«. ft 
£J&9iJMSS<Z)K#Sjqttlfcfap tit^Jg^O*^ 
30 ifcl&frs tttK-3St>L<tt«**«^**U»Ct*tft 

[0 3 7 6] 069 <OTmz±<0^( > bT-^>X, 7H 

[0 3 7 7] fap Mrs iaf£Ti!jg»*££ t 0 . 

[0 3 7 8] HH*»6"t>W6*»/«tJ:5lc. SiMWOM 
K^&JiJftgcififimib&tf x « 0 lift: -5. 
[03 7 9] tot. :7^Jl^iLT©ffijI#ttfiS2i 
40 «, rtgco*.T^*0. 
[0 3 8 0] 
[R2 4] 



100+r+50r-g+2500g 



(2 8) 



[0 3 8 1 ] t/«C^>. 

[0 3 8 2] d*T, r>0, g>0T»5fflT, (2 
8) Strir, g#K*iinT*f§^SMttl«fcg/h£<fc 
0. 2 0 1 o g | Szt I -C*£ft£l? A»fct>*I*LT 



50 



[0 3 8 3] &-?T. r, gtt*l:0l:i6lr>i, JfAtB 
tic £(;:&:«. 

[0 3 8 4] ^{C. r, gtt*1£XiijttAS8g£J*£r 
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(19) 
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[0 3 8 5] C^Tte, m3 (B) ri Zh^mz 

[0 3 8 6] n te®Mmm<Dmf*&m#ikzfi®Mmm 
[o as 7] ^ nfrzfemmzk&fofaMmi&mfc 
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: x = 0 <D*>bm&&ftm-V\* r = r i 



* /0 



[0 3 8 8] &\Z 
[0 3 8 9] $fc 

[0390] ^\ ffls^msom^cogja^^po , « 

Is . *f&£Ns t?Zt. 
W • t) - (2 9) 



• |Oo ) 



(3 0) 



r = 1 $ • iOo / (Ns 

[0 3 9 1 ] Sfc. tt*JK,A»8<BHlnft& 1 P , 

g=N P • W • t/ ( 1 P 

[0 3 9 2] «oT. (2 8) *K*tt*WA»*fc** 
r+50r-g+2500g 

= 1 s • Po / (N« • W • t ) 

+ 2 5 0 0 • Nd 
[0 3 9 3] (3 1) i£J:9, fi^JM^fil»»nnft 1 

SSCt^Wc Is /1 P <1, Np /Ns 

r = 5 0 r • g + 2 5 0 0 g = r s 
/r P ) 

<hft&o SEoT, (r $ /r P ) < 1 , EP*> r $ <r P 

T*ntf|fAa*a)ia*ttaiSJT#*. [0 3 9 7 ] S 6l:i»«g*MLTlr"^4IR©R 

[0 3 9 6] a*, ^©«&h 9 30 ff*iftfU»i<B;4r£ ts , M^iJWco^^rtp <hT£<h (3 



+ 50- ( 1 s / 1 p ) • (N P /N, ) 
• W- t/ (1p • po ) - (3 1) 

[0 3 9 4] CCDSi^^liTai^^o 
[0 3 9 5] ±«E (3 1) ai:*^T, r = r 
s (r, :ttWl«*«»<D«a«JR) X^g=l/r. 
(rp : M^JBfcoe&ffita) 
+ 50 (r, / r P ) + 2 5 0 0 (1 . 



r+50r-g+2500g 

= 1 s • Po / (Ns • W • t ) 

( t p / ts ) + 2 5 0 0 »Np 

tot, tp / ts trs^tTwi«^«**fi«-c* 

<*>o 

[0 3 9 9] Ca«l3feKifi#<&»&* (Pos, Pop) 

11T7^M^»9, Pos/p 0 p< 1 t?Z>Zt±>vl 

[0 4 0 0] OlMfiM 1 5 (Dffi^c 

[0 4 0 1] 065 «*5S 1 5 *JS«<D3iMi 

2 8 0©Ett«WE*jR-r. 
[0 4 0 2]B66liB6 5 ©lsIK«ldJ**#{kLfc«l 

[0 4 0 3] ffllifcJ£ttS«2 4 1143 6' Y^vhX 



1) ^te&O.fc'Sfctt*. 
[0 3 9 8] 



+ 50- ( 1 s / 1 p ) • (N P /Ns ) 
• W • tp / ( 1 p - po ) •» (3 2) 

L i T a 03 T* 0 , nmttmt 3 0 0 0A(DAlIt 

[0404] vtmt, k^jjw> mmmmz. mmmmo 

40 USPS Is = 1 p =9 0 //m, *fScN P =N S =10 0 
»T»*©fc#U *H««-Ctt, Is =4 

5 Mm, Ns = 2 0 0*t, afeyiJWS: 1 p =180um, 
Np =50tttLfz* 1p >ls T£0, Ns >N P T 

Is / lp =0. 2 5MN P /Ns = 
0. 2 5T£>£o 

[0 4 0 5] CCOB^, *fS<hffln^cotST^«M(cj*^ 

[04 0 6] 066 (O^m 2 8 1 ^**]ffi^J04*tt, fig 
i2 8 2^««0#ttT*^)o «t*THj|W2. 5 
50 dBTftofefcCO^^Jfi^JJCcfcO 2. 0dB<h/cC0, 
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(20) 



^W5-l 8 3 3 8 0 



37 

[0 4 0 7] #*JS#J<Dii^ fi^iJ^St§CO*f 

7i^^m^^2 o%rS]JtL£o 

[0 4 0 8] &±<DnMm<n®^* l«=3 0umJWT 
TE^a^n^, Id =3 0 0 wmE(±T'(£llifii 

[0 4 0 9] B^l^om^fifii^Ttf, M^co 

[0 4 10] tt^JNA«S<ORJV«:a^JNA«» 
[0 4 11] iOi«l:<toTb. ±B*JS«<D»£i 
[0 4 12] 

WBWfltftt*] ei±K*Ufc*»i, BI*«lo««i:J: 
[0413] fg#3C 2 KJWfc .tntf • M«91 1 <&58l« 

kb^t, ia*«««6»<n:tft<, aa« 

[0 4i4]is*a3^ii ( j:na, i8:R*i<0R9i 
nit-rc, aa**«£WssK-r*c:itt<. 

[0 4 15] »*3B4CO»WtZ«kntf, HJt 

a**«*a:tf*c:fc*iHJ*, sEictta*s«<r*c: 

[0 4 16] l«3R3a5<05BW^ckn«, BrSOMiftRfK 
[0417] fg#3g 6 G>589H£ Jzhtf , W*« 1 <D%W 

[0418] 7 o»Ml:«tnH 1 <&« w 

[0 4 1 9] M:#«8Xtt9<B5EWKcfcftK, 

[0 4 2 0] g»*3Bl 0, 11, 1 2<D589!l;:J:ft«. 

[0 4 2 1] 1371/117 ©58Mi:«tnH liB 



<, a^ofeo^tt^TaawwMftffi^r^ct^ia 

[0422] m^m 18M30 o^wtc: etna, se* 
©fcofcit^T, aa#«««:ita*ct*<ui*, 

[0 4 2 3] 317!iI33 «Ett<05B9ll;:<fcft 

[01] Mno)JPttMtt7^ ^®RlBt««. 
»2] *M**^fc7^;^IB*0»*«l***T 

[0 3] -«^»»tt»ffiift*fi»<Z)«iat-€-«)#fli|al 

[04] -*iT*wtt*n**«»©-f >K-^>^a 

[0 5] ^fiMaKRiS«^^frt«S*ttSB%Afi«a)< 
20 >S^>X#tt2fe«*n6S:»«l/Tft§B107^^ 

[0 6] H4 2©tt*©5Wt*B«7-r;^*KWrs 

[07] &mwz^ >y?*>x*mm\z.ttimisrz®'£ 

[08] -«?M#tt*Ott^S»«dC9d^nfl»ttL 

[0 9] tmftlK)liMBORnftik9lt^r 

50 [010] BL^JI»*lg8(Daa4*tt<OBBP*tt#tt«:S 

[011] *9&mto*&BM9L7<()WO*l*Kmto 
IiIgS0T^^o 
[012] 0 1 l<0;7^;i^<Daai*tt£*TBT» 

[013] 3tWK*M^O-f >^4r*>^ftlP©itt* 

[014] 01 iG>witmim*i7 4)W<Dma**nm 

40 [015] 04 1 XV-XV«IC»5»rffiiaT»*. 

[016] *«M<0»tt*W*7^;^<DJB2**«* 

[01 7] 0 1 6<D:7^;U^(Dffiii#tt£^T0T<& 

So 

[018] gnMAMonas (ap > <hfi^j^«M 

SDHnft (As ) ©it (Ap /As ) 
"T0T^^o 

[01 9] *»M©#tt*H«7-f ;^o*3*is«t 

50 [0 2 0 ] 0 1 9 cd?^ ;p^<&aa»te&«TErc* 



-20- 



39 

[02i] *&w(DW&&w&7 << ;i^<b*4*js«i* 

[02 2] 02 1 (07 4 Jl^<Z)iia#tt£^T0T& 

[02 3] *»MOi»tt*H«7-r;^©»5*jfi«* 
[024] 02 3©7^;u^oiija«Ftt*s-rEiT* 

[02 5] *»W©9«t«B«7-f ^©Jg6*lt«fd© 
[e]&S0T&3o 
[02 6] 0 2 5 miO-«^*f#tt«ffi*lg^^ 

[027] 02 5&7-r ;w*<0aa»tt*«-rHT* 

[i2 8]SWg^HiId=(n + /3) -AO/Sl^ 
[02 9] 02 5 0*tt8ffi87^M©»a$fa)i 

[030] 02 5 *CD§I 1 (D-$%Ttm&$tm&&m& 

[03i] 025 i <D-m^FM»^m&^mm 

[03 2] *5BW<OSPtt«Hift7-f ;^<0*7*lfi«S 
^-T0T&^o 

[03 3] mg^JP (t) ©Uy^HJtttl^a* 
£^-f0T*5o 

[03 4] M^JI«*fiS<OR»g^J:-&iJ^^ 

[03 5] ^Mi§^^^;U^.Oal^#140M^fe#'ti^ 
[03 6] »A»*2fctfU y ^58*ffi|l<DJ«»«k«F tt 

[037] *&9i<D9H£$tmigL7<<)v*om8mmm<D 
m i <0-*^»*tt*B»#«s*srBT**. 

[03 8] 0 3 7 0ft«8*igfflUfc»tt*ffi*7^;V 
[03 9] *«MO»it*Bi8[7-f ^om8!6jSfiWO 

[04 0] 01 losittsiai^^Mw^^^ 

X£^T£S'JcD#J£^T0T&&«> 
[04 1] 0 1 10»tt»Btt:7-f >99 9> 

[04 2] *«W©»tt«B*:7*;i^flMBl l^ffi^J 

COlH]^0T*^o 

[04 3] 04 2<DIe]K«rfttt:{tLfc«!fiJc€:^*r0T» 
[04 4] fap <frp £LAc££cDS¥tt;S®&#JSgO 



(21) »$W5- 1 8 3 3 8 0 

-f * >x«M£«rjSTBT»S, 
[04 5] Afsfn -fap *«^6«l0**fct*(O 

[04 6] Wtt«BS^fi80ttttflJ£&£RH?*B 

[04 7] ^JI»aiflt5tJ«ia)ft»tt*Btt*»BC07 

[04 8] bx®CDJie&&ft#tt£^T0T&&o 
[04 9] 04 2<£0&<D-^£L£CCD^«@&T* 
70 UfcBT»£. 

[050] Ibx.n | tA f /frs £<&H«&jiVrB 

[05 1] k* trt«^tiT^^ 0 
[05 2] *^^co^tt«®*7^;U^^mi 2HJB^J 
OlHlS&0Ti&£o 
[05 3] B5-2(DlHlBS^f*:ftLfc«ric;*^-rBT» 

[0 5 4] H 5 3 0#tt*B»7 ;^©*ttt«tB 

20 [05 5] 3 ttl*«Yp £«4><*-& 

[05 6] 1 i^O#|tgffifi*Ig^^l: U; 

[05 7] B5 6 0mffiEN^a (ng) tC&^LT 
&*Ba<Bls]BBT»S. 
[05 8] -•^<0 4«| : f|sIK(^a6tti:-?-<7>«**^rB 

[059] M&\zr$m±<D&&&xk-tm-e&z>. 

[06 0] n (>2) gk^*ttKIH*S6«r-6*tt*R 
30 ^T£0T£>5o 

[06 1] stciaKw^w^aiEiBofliflE^ttftjftinT^ 

[06 2] &*<T>ft&m*fc7 4 )V*<Dm&We$>%. 

[06 3] *58WO#tt«B*7-r;^©JBl 3*JS« 
CD[e]B0T&<5o 

[0 6 4] *5£WV> 1 &&&WWi7'<)l'*<Dmi 4 3Sifi« 
<£>ESS0T&£o 

[06 5] *X9l<DlHk&mm7 4)V*<DXl 5^JS#J 
<D[h]S§0T&£o 
¥0 [0 6 6 ] 0 6 5 ©BBS JWttfc Lfc**SSTBT» 

[06 7] i6 607^M^ft^TTO^ 

[0 6 8] ftmmt\&mm\z&mmwL&<D&te%&&& 

I»*»B6SBLft*fffl7-fMlslK*StBT» 

So 

[06 9] &*JW#fig<B7K**>* (Yp ) ©ffltt 

[070] se*co5¥ttSffi&^^;p^cDi^j^^-r0T 



-21- 



(22) 



#i¥5-l 8 3 3 8 0 



41 

[07 1] 0 7 0C07-<^<7)«5a#tt€r*rHT* 

[Jf^oiftW] 

60, 9 0, 1 0 0, 1 1 0, 1 2 0, 1 3 0, 2 4 
0, 250, 260, 270, 280 #tt«ffitt;7-< 
)V$ 

8 0, 1 5 0 jltt«i»7-f;^81 

8 1 1i7^y2^y / r-zs 

8 2 7^^f 7^ 

83 1 

8 4-1-8 5-6 

8 5-1-8 5-5 «^ 



70 



42 



8 6-1 — 8 6-s 

124, 125 umm 

1 2 7 Hik* 
13 1, 2 0 1, 2 11 
13 2, 13 3, 160, 161, 166, 16 7, 2 
02, 203, 212, 213, 242 EMS 
220, 221, 230, 231 T^f^PXhU^^ 

5-f > 

2 4 1 3 6° hXfeJKL i T a Os S« (^y 
^) 

R s i , R s 2 
Rpi — Rp3 



[0i] 

20 • 

246Wfi6 *2->-*fc>iT 

( 23#*«®a 



22 

21- 

8 



[0 2] 




30 



Z=J* 



I 2 



-O 



Y=Jb 



V 2 



[015] 
014*. »T-XV»IC»-?SfBB 





/ v 2 ^ 



-22- 



(23) 



&M¥5- 18 3 3 8 0 



[@3] 



(A)*«(«»*S) 




(C) 




46 



-23- 



(24) 



&M¥5- 18 3 3 8 0 



[04] 

m =f- n & 1* * ® % * is s © * > tr - ? > * 





+ 


> 




tr 




i 


0 






> 








a) 





(b) 



0 







f 


r / 


Is . 






ffl«Wc(f) 


r 










| Y=J^ = Jb = j(-^) 






r 





-24- 



(25) 



#i¥5- 18 3 3 8 0 



[0 5] 

< > S S> > t$ & U' ^ n e> £ & *5c u 7 & 3 




bx<0 



bx<0 



(B) 



ta** 




fo 

f (flttft) 



-25- 



(26) 



#W1¥5- 1 8 3 3 8 0 



[06] 



(A) 



> 



/i-Y2 = jb2 

^Yi=jbi 




'Z = jX 



Z = jX 



!jia<H^<l 
0<bx<1 



(B) 




-26- 



(27) 



ftm¥5 - 1 8 3 3 8 0 



[0 7] 



#&is\z<<>7?9yx&& mic ft flout . 



o 




I l I Id I I L 

rocvj — o-r 1 ^* 0 

< o 1 1 1 

v A 'aj - v, ,n * m 



-27- 



(28) 



&m¥-$- 1 8 3 3 8 0 



[0 8] 




[02 6] 




131 ffl&ftS 



-28- 



(29) 



5-183380 



[0 9] 




e=— a=60fim 

- - --a=150/xm 
^a=300^m 

/ o , 7^*S2t 



OS 

-a 



L=1.5nH 



-50 



735 775 795 855 895 935 

m$L& (MHz) 




a=60/im 
--a=150jLtm 
-a=300jim 



(Lli^-O 
(25/x<£)£3inm 

mm) 



735 775 795 855 895 935 



Nftft (MHz) 



[03 0] 



RiBq 



161. 



Jl 



,160 £ ti£ 



[fill 



7^ 

1316£«S 



-29- 



(30) 



1 8 3 3 8 0 



[010] 



as- 10 

£-20 

(dB) 
-30 



-40 



-50 



(A) y5ai/-->3> - — a=300fxm 
^-zr^f~— -a = 2 0 0 \l m 
— a=60fi.m 




t 

folifa2»fo3 



c =j= . 



Szi 



i 

i 
i 



C=0V5pF 



735 775 795 855 895 935 

m^m. (MHz) 



(B) mm 



o 

-10 

n 

^-20 
-40- 



-50- 




G=300|Ltm 

-a=200/Ltm 
a = 60ju.m 



f a1»f aZ,i 03 



735 775 795 855 895 935 
J3ft& (MHz) 



-30- 



(31) 



ftfJSi¥5 - 1 8 3 3 8 0 



[011] 



60 



61a 61 R2 



R 4 



62- 



63- 



I 1 R1 



61b 



-6A 



[ZZI Rs 



Li 



L2 



l_3 



Li=L 2 = L 3 = 4nH 



114] 



II 6] 



011©*tt»ffiS?-f>i'5"0«2* 
?■ id B 4 * 'J t « » *" * ? ¥ S a 




* 35 M © » 14 * S « ^ /A 5> © m 2 * J6 « £ 



9Q 



Rz 



61 



RiA 



m 



Ns-100 



Ap 80/im 
Np=100 



-31- 



(32) 



5-183380 




-32- 



(33) 



^fW5- 1 8 3 3 8 0 



[013] 

(A) &&ft*SLft^®&® 



60 

M 

B 40 

e 
m 

m 20 

m 

& 



70 



± 




3dB 



2 4 6^ 8 
L (nH) 

fB) m&ftMKWE'wmW 



10 




OdB 



-33- 



(34) 



#P8¥5 - 1 8 3 3 8 0 



[017] 

M 1 6 0) Z> H >\> 5> <D M 5® # 14 £ ^ ? El 




(BP) ¥$K 



-34- 



(35) 



#Bfi¥5 - 1 8 3 3 8 0 



18] 



[019] 



B9P*(As)©tt(Ap/As)©**»**^*H 



50 r 



40 



(A) ftnHME. SfN0» J 



m 

-o 



30 



^ 20 
W 

* 10 



L=4nH ft-ao 




40- 



» 20 

m 



0.5 1 1.5 

Ap/AS 

(B) Sia?i?#rt>^<DfSS 

L-4nH ft-fln-^ 9 5 
/96 



y 



Ap/AS °- 5 



1.5 



— I 

2 



10Q 



R 2 



RiB 



3C 



=fe=| Ns=1QQ 



As=80fifn 
Ap=80^m 



Np=150 



Li 



12 2] 



a 2 1 <t> 7 * ? <d a & ^ £ ^ * h 



801 83 



ao >1 S» 




(9P) Y2K 



-35- 



(36) 



&m¥-S- 1 8 3 3 8 0 



[02 0] 



1 19®^ -oi,9<Dm a & tt £ m ? m 



i'S Q o 

o 



[03 1] 

RiBb 




(9P) S£M 



Jl 



\ 




[04 1 ] 



230 




«5-s 231 



-36- 



(37) 



#ffl¥5- 18 3 3 8 0 



[0 2 1] 

* fg W ®# tt * ® >£ ?YJi/?crj IfT 4 ^ HE 01 £ ^ * 0 

110 

6] Rz R 2 , R4 R 4 

^HDHDh^HDHDhgr 



R, [ZZD 1=1 Rs C=l Rs 




Ls=3nH 



[02 3] 



^0 



62- 



61 



R 2 

ID 



Ri CZ3 



63- 



R4 

D^ 



CZZIR: 



120 



-64 



CZZ3 Rs 



l_2 



L3 



Lpi=4nH 



Lp2=5.5nH Lp3=7nH 



-37- 



(38) 



#H8¥5- 1 8 3 3 8 0 



[02 4] 




13 7] 



[S3 9] 



200 



T 7~1T . 

203 201 *P 



202 



AImAI**« 
ti:Xp©0.06~0.09f§ 



**w©»tt*iia*7-fji/^©»a*it*io»uo 



210 



/ 



"TP V 



211 Bffittff 



212 

t 2 ap©o.oo86 ;-o.oi3* 



-38- 



(39) 



&fflW-S- 1 8 3 3 8 0 



12 5] 



130 



62- 



61 R2 



R 4 



63- 



K6A 
- * 



Rib 



D R3B I I R5B 



Lz 



l_3 




-39- 



(40) 



#P¥5 - 1 8 3 3 8 0 



[03 2] 



170 



61 



R2 R2 



R4 R4 



62- 



^HDHnhr^HDHDI 



£=]RlB 



R5B 



Ls=3nH 



I 3 4 ] 



[0 3 8] 



IE W M * « S © S « IS IC * * K ( r p ) ft* £ to 
J*ffl*««'N*Sfc£:lSOTtStt(a<t)=0.08<D 



co ■ J 

i5 



*3 

ii 2 



a> as 



o 

CVI 

I 



o 

1 



o 
I 



I 




(8P) ¥3* 



(BP) «W 



-40- 



(41) 



f#Bfl¥5 - 1 8 3 3 8 0 



[03 5] 

& M S SS 3 -r ; u 5 cd 31 3© # 14 © ft # # 14 £ ^ sT 0 



(A) 





/ \ 




185- 















(B) m 

m 



(O « 

86 



[05 9] 

2S i b Zs 
° — IQI — i 1 IDh 



ll 



t=2000A* 



(BH>tr-5 r ^^«*«>tn£?*r*(i) 

zs f zs 
° — 101 — i ! 1 — IQI — » 

1.. I I 



186- 


r' 


r's 

1/ t=3000A* 
?u 






187— 










r'p 






f t=4000A* 



J=iYp | E=?Yp 



I 



Zs 



Zs 



Yp 



E 



-41- 



(42) 



&ffl¥-5 - 1 8 3 3 8 0 



C03 6] 



(A) jfAi^ 



CD 



3 2 
US 

< 1 




1000 2000 

mi? 

(B) U'v^JUrpCD^^^S 



3000 40|00 5000 

U) 




191 



M 



1000 2000 260Q 3000 4000 5000 
(A) 



ZS ZS 

101 — ° HOl-^ 



-i — ° ° nuf^ 

. t * * 0 t : 



-42- 



(43) 



- 1 8 3 3 8 0 



[04 0] 



[05 0] 

lbX«.oxltAf/frst«)M(S^^^0 




-I 1 I I I I L_ 



2 34 5 6 7 6. 9 lO 
Af /fr. (X10" Z ) 



[137 0] 



ft * © 3 * H ft y < to 9 <D 1 ffl £ ^ * H 



14 2] 



Rsi 



* ffi /i & »• 
frs 



240 

RS2 



Co* 
II 



-r- Cob 



3 



Rpi 



Jfap C_J r 



P2 



frs>fap 
frs-fap=19MHz 



-43- 



(44) 



#Bf!¥5- 1 8 3 3 8 0 



[04 3] 

19 4 2 C Is) M £ A <Mt 0 £ til 18 S * ? B 



C04 4] 

f .p < fr.to t ts <o» it * a a *t » ac-oss^a 





+ O I 



14 7] 




832 



932 
Mftft (MHz) 



1032 



-44- 



(45) 5- 1 8 3 3 8 0 

[04 5] 



Af= s fr«-fa P 4#A x 6*ioer-t*fcfcS©« : ?-fi 
z> ■< i\, 9 <d m 3S ft (0 g \ b $ ft W V § 0 




-45- 



(46) 



&ffl¥-S- 1 8 3 3 8 0 



[04 8] 





4 


S N 


3 




2 




1 


* 






0 


fl* 


- 1 


X 


-2 




-3 




-4 



832 







Af=19MHz 






bXmax=-0.06 
i i i i 


c 



932 
(MHz) 



1032 



[04 9] 

m 4 2© [3 E§ ro— 20 £|_ <t C© 9 fffi 11 Eft a ^ U 1 0 



Cis Lis 



Cop 



-= jj|Lip Cos \ s 



Cip 



-46- 



(47) 



4#^¥5 - 1 8 3 3 8 0 



[05 1] 
S 




[05 3] 



JO c£ 
* 

m 




[05 4] 

o 



CD 




850 900 950 

H*tt (MHz) 



1000 



-47- 



(48) 



&ffl¥-S - 1 8 3 3 8 0 



[05 2] 



* % m © 5114 £ ® 2fc 3> -c ju 5 © IS 1 2 * «6 01 © ® Eg S 



RS2 



Ypczi c=iYp 

RpTf iRpg 



Zs 

IDI- 



c=iYp 

JRP3 



(1) 



r 



(2) 



(3) 



Zs 




2Zs 



X 

□2Yp 

T 



x_ 



ims 8] 



r 





1 




2 




tRo 


-Zh J Zi 2 - 






• 





pAi Bi-i 
L-Ci Da J 



'b' [38&2©FfT?iJ 
pA2 Be -i 



-48- 



(49) 



<&ffl¥-5 - 1 8 3 3 8 0 



[05 5] 



0 




fflttft (MHz) 



[06 0] 

I — IDI 



MC3 



HOH 

EL 



M<=) 



o 



*oJL 



>- 



T 



[06 1] 

**J8^<DW?&@ft®*jft:frj*&ftqi§?ftl! 



Zs 2ZS 2Zs 

<HDI— [— IDI— IQhj-* 

A |) ? 2Yp gp> Yp (x S) 
2Zs 2Zs 2Zs 

I~]DHrHDI IDhr- 

A * =Yp ^2Yp Ypa ffl * 

o 1 1 1 — o 

(c> a m -h n t fee m n * r$ * * ^ 

Hs P7s 2Zs Zs 

HDhx^UHjHDI ^HDl-o 

A il ^2 Yd c=3 2Yd !=>2Yd W 



□ 2 Yp ^2 Yp 



«=»2Yp iilfl 
£- — o 



CD 



49 



(50) 



- 1 8 3 3 8 0 



[05 7] 



( a ) a & -h <d fc* b s a* i a- m n b tt 



Zs 



-101- 



Zs 



*J Li L 

1 (D 



nrl zs 
-HD1- 



I Yp 



r 
I 



(2) I 

r 2* 



n-r 



fn) 



tail 

— o 



( b ) a tti ji <d n * # i- it n j» © * 

i 2 n 




( A fl) 



(n) 



(c ) a tu fi cdm # ic v w n a- 
HDh-plnDhq -^Qh^Dh- 




-50- 



(51) 



t*M¥5 - 1 8 3 3 8 0 



[06 2] 



<t*o)siitt*ai»^i/^cD®Kia 




[06 3] 





x 



2Zs 
H D I— 



2Zs 
°2Yp 

I 



x 
X 



'Yp 



-51- 



(52) 



&W\¥-S - 1 8 3 3 8 0 



[06 4] 




Zs 

Oh 



X 
I 



2Zs 



2Yp 



<=>2Yp 

J— 



ZS 



[136 6] 



Np-50tf 




241 

X€*LiTa03 



Xp=4.19fim 
Xs=4.38fim 



-52- 



(53) 



«fBB¥5 - 1 8 3 3 8 0 




-53- 



(54) 



4#B8¥5 - 1 8 3 3 8 0 



[H6 7] 




m®.m (MHz) 



[06 8] 



Zs=r+Jx 
Y P =g+Jb • 



-54- 



(55) 



#M¥5 - 18 3 3 8 0 



[06 9] 



7 



CD 

m 



It 1 

/ / 1 


! ft 

j j j 


K-r 


frp 


t 

/ 

/ 

/ 

/ 
/ 

/ 




s ft ft 

(Hz) 






/ as 


m \ j 

jfas 



0 



> 
I 

sr 
y 
-* 

a 



-55- 



(56) 



ftmW-S- 1 8 3 3 8 0 



[0 7 1] 




-501— 



(72)fgW# &E3 fit* U2)%Wm fftt ft* 



-56- 



